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I .  SUMMARY 
A t i l t - p r o p r o t o r  r e s e a r c h  a i r c r a f t  des ign  s tudy  has been p e r -  
formed under  Task I1 of t h e  NASA V/STOL T i l t - R o t o r  A i r c r a f t  
S tudy,  Con t rac t  NAS2-6599. The r e s e a r c h  a i r c r a f t ,  t he  B e l l  Model 
300, is  w e l l  s u i t e d  f o r  NASA proof-of -concept  f l i g h t  r e s e a r c h  
i n v e s t i g a t i o n s  t o  e s t a b l i s h  the  technology base  needed foi* the  
c o n f i d e n t  des ign  of  o p e r a t i o n a l  a i r c r a f t .  
The Model 300 ( F i g u r e  1-1) i s  a  twin-engine,  high-wing a i r c r a f t  
w i t h  25-foot  three-b laded p r o p r o t o r s  mounted on pylons a t  the  
w i n s  t i p s .  Each pylon houses a  P r a t t  and Whitney PT6C-40(VX) 
englne w i t h  a  30-minute r a t i n g  o f  1150 horsepower. Empty weight  
is  7390 pounds. The normal g r o s s  weight f o r  VTOL i s  12 ,400 
pounds and t h e  STOL g r o s s  weight  i s  15,000 pounds. 
The maximum l e v e l  f l i g h t  speed of the  Model 300 i s  312 k n o t s .  
The a i r c r a f t  can hover o u t  of  ground e f f e c t  a t  4600 f e e t  on a  
s t andard  day a t  normal g r o s s  weight .  A t  a  t y p i c a l  f l i g h t  t e s t  
weight of  10 ,700 pounds, i t  can hover a t  4000 f e e t  on a  95'F day,  
Technology development, component d e t a i l  d e s i g n ,  and development 
of  dynamic components f o r  t h e  Model 300 r e s e a r c h  a i r c r a f t  have 
been underway s i n c e  1968 as p a r t  o f  B e l l  H e l i c o p t e r  Company's 
Independent Research aud Development Program and by means of  
Governmen t-sponsored model and f u l l - s c a l e  wind-tunnel  t e s t  pro-  
grams. 
The approach t o  t h e  des ign  s tudy  c o n s i s t e d  o f  updat ing  and 
extending t h e  des ign  s tudy of  a  t i l t - p r o p r o t o r  proof-of -concept  
a i r c r a f t  performed f o r  NASA i n  1969,  Reference 1. Bases f o r  
updat ing  the o r i g i n a l  des ign  s tudy i n c l u d e  informat ion  r e s u l t i n g  
from: ( 1 )  having completed one-hal f  of t h e  a i r c r a f t  d e t a i l  
d e s i g n ,  ( 2 )  f a b r i c a t i o n  of  t h e  dynamic components which account  
f o r  approximately o n e - t h i r d  of  t h e  a i r c r a f t  empty we igh t ,  ( 3 )  
two f u l l - s c a l e  wind-tunnel  tests o f  the 25-foot  p r o p r o t o r  com- 
p l e t e d  i n  1970 i n  the  NASA-Ames l a r g e - s c a l e  tunnel  (an ~ r m y / N A s A  
program, Reference 2 ) ,  and ( 4 )  o n e - f i f  t h  s c a l e  a e r o e l a s  t i c  t e s t s  
i n  1970 and o n e - f i f t h  s c a l e  aerodynamic t e s t s  o f  t h e  complete 
a i r c  _ a f t  i n  1971 conducted i n  t h e  NASA-Langley Transon ic -~ynamics  
Tunnel i n  j o i n t  NASA/Bell programs. 
Sec t ion  I1 p r e s e n t s  t h e  a i r c r a f t ' s  c a p a b i l i t y  t o  perform the 
needed f l i g h t  r e s e a r c h  i n v e s t i g a t i o n s  . Subsequent s e c  t h n s  
d e s c r i b e  t h e  a i r c r a f t  and p r e s e n t  t h e  r e s u l t s  o f  weight per-  
formance, dynamics, s t a b i l i t y  and c o n t r o l ,  and n o i s e  ana lyses .  
The Model 300 can perform t h e  needed f l i g h t  r e s e a r c h  i n v e s t i -  
g a t i o n  which w i l l  enab le  t h e  a e r o n a u t i c a l  community t o  proceed 
w i t h  conf idence  on t h e  des ign  and development of  u s e f u l  t i l t -  
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11. RESEARCH F'LI GHT INVESTIGAI'I ONS 
A .  IDENTIFICATION OF NEEDED FLIGHT INVESTIGATIONS 
1. O b j e c t i v e  
F l i g h t  i n v e s t i g a t i o n s  w i t h  a  t i l t - p r o p r o t o r  a i r c r a f t  a r e  needed 
t o  (1 )  e s t a b l i s h  t h e  v i a b i l i t y  of t h e  concep t  t o  per form m i l i -  
t a r y  and commercial m i s s i o n s ,  ( 2 )  e s t a b l i s h  a  t echno logy  base  
f o r  t h e  c o n f i d e n t  d e s i g n  of such a i r c r a f t ,  and ( 3 )  p r o v i d e  t h e  
p o t e n t i a l  u s e r ,  r e g u l a t i n g  agency,  and t h e  community and m i l i -  
t a r y  p l a n n e r  w i t h  t h e  f a c t u a l  i n f o r m a t i o n  r e q u i r e d  f o r  t h e  
i -n t roduc t ion  of such  a i r c r a f t  i n t o  t r a n s p o r t a t i o n  s y s  terns. 
NASA can accomplish t h e s e  o b j e c t i v e s  i n  a  r e s e a r c h  a i r c r a f t  
program. F l i g h t  r e s e a r c h  would e v a l u a t e  p rop ro to r /pv lon  dynamic 
stabil i ty , s h o r t - p e r i o d  a t r c r a f  t s t ab i  iity, low- speed hand1 ing  
c h a r a c t e r i s t i c s  i n  and o u t  of ground e f f e c t ,  p r o p r o t o r  p ropu l -  
s i v e  e f f i c i z n c y ,  p r o p r o t o r  f l a p p i n g  i n  g u s t s  and maneuvers ,  
s t e e p  d e s c e n t  and approach c a p a b i l i t y ,  g u s t  s e n s  i t i v i t y  and 
r i d i n g  q u a l i t i e s ,  downwash and i n g e s t i o n ,  n o i s e ,  and p o l l u t i o n .  
a. Proof of Concept  
The foremost  need f o r  a r e s e a r c h  a i r c r a f t  f l i g h t  i n v e s t i g a t i o n  
i s  t o  v e r i f y  t h a t  t h e  t i l t - p r o p r o t o r  a i r c r a f t  h a s  t h e  cha rac -  
t e r i s t i c s  t o  make i t  s u i t a b l e  t o  f i l l  t h e  r o l e  of a p r o d u c t i v e  
c i v i l  and/or m i l i t a r y  VTOL a i r c r a f t .  The r a n g e  of speed ,  s i z e ,  
and hove r ing  c h a r a c t e r i s t i c s ,  where in  t h e  t i l t - p r o p r o t o r  o f f e r s  
advantages  o v e r  o t h e r  c o n c e p t s  f o r  V/STOL, i s  l a c k i n g .  Ac tua l  
f l i g h t  r c s e a r c h  i s  neetlecl on an a i r c r a f t  o p e r a t i n g  ir. t he  speed 
r a n g e s  p r o j e c t e d ,  and t h e  g a t h e r i n g  of  comparable  f l i g h t  d a t a  
on h a n d l i n g  q u a l i t i e s  , m a n e u v e r a b i l i t y ,  aerodynamic e f f i c i e n c y ,  
n o i s e ,  and r i d e  q u a l i t y .  Fur thermore ,  a n a l y s i s  based on £1 i g h t  
e x p e r i e n c e  i s  needed t o  show t h e  d e g r e e  t o  which c o s t  f a c t o r s  
such as mechanical  complex i ty  and s t r u c t u r a l  and aerodynamic 
r e f inemen t  might be  i n c r e a s e d  i n  r a i s i n g  t h e s e  q u a l i t i e s  t o  
v a r i o u s  l e v e l s .  Then c o s t  e f f e c t i v e n e s s  s t u d i e s  and o p e r a t i o n s  
a n a l y s i s  can  show meaningful  r e s u l t s  f o r  u s e  by c i v i l  and 
m i l i t a r y  program p l a n n e r s .  Only when a conf i rmed p o t e n t i a l  
advantage  i s  t h u s  found w i l l  t h e r e  be  i n c e n t i v e  t o  u s e  t h i s  
concep t .  
b .  Technology Base 
F l i g h t  r e s e a r c h  i s  needed t o  e s t a b l i s h  a  technology  b a s e  which 
w i l l  e n a b l e  t h e  a e r o n a u t i c a l  community t o  proceed  w i t h  con£ i d e n c e  
on t h e  d e s i g n  of u s e f u l  t i l t - p r o p r o t o r  a i r c r a f t .  S p e c i f i c  areas 
of needed r e s e a r c h  f o r  t h e  c o n f i d e n t  d e s i g n  of  t h e  c o n c e p t u a l  
a i r c r a f t  were a s s e s s e d  i n  Task I of  t h i s  s t u d y ,  Volume I .  The 
concep tua l  d e s i g n  a i r c r a f t  i s  t y p i c a l  of  a  f i r s t - g e n e r a t i o n  tilt- 
p r o p r o t o r  a i r c r a f t  which could  be o p e r a t i o n a l  i n  t h e  1980-85 t i m e  




be  a v a i l a b l e  i n  1975. F l i g h t  r e s e a r c h  i s  needed t o  p rov ide  a 
sound b a s i s  f o r  t h i s  technology.  
Thus f a r ,  t h e  t i l t - p r o p r o t o r  concept  has  had f l i g h t  e x p e r i e n c e  
only  a t  low speeds  (up t o  160 k n o t s )  w i t h  p i s t o n  eng ine  power. 
Tunnel t e s t i n g  of s c a l e  models h a s  r e v e a l e d  problems and pro-  
duced v a r i o u s  s o l u t i o n s .  R e a l i s t i c a l l y ,  we might expec t  t h a t  
o p e r a t i o n  a t  h i g h e r  speeds ,  g r e a t e r  ( t u r b i n e )  power, and w i t h  
v a r i o u s  s t r u c t u r a l  and aerodynamic ar rangements  may r e v e a l  new 
p r ~ b l e m s ,  o r  a t  l e a s t  added c o n s t r a i n t s ,  i n  t h e  a p p l i c a t i o n  of 
des ign  t echn iques  developed t h u s  f a r  f o r  t h e  type .  
The NASA-Ames f u l l - s c a l e  25-foot  p r o p r o t o r  t e s t s ,  Reference  2 ,  
have shown t h a t  technology i s  adequa te  f o r  t h e  des ign  o f  such 
an a i r c r a f t ,  bu t  a c t u a l  f l i g h t - t e s t  verification is needed .  
I n  p a r t i c u l a r ,  t h e  t o t a l  a i r c r a f t  d e s i g n  s o l u t i o n  used f o r  t h e  
B e l l  D302 concep tua l  a i r c r a f t  and t h e  B e l l  Model 300 r e s e a r c h  
a i r c r a f t  d e s i g n s  needs  f l i g h t  v e r i f i c a t i o n .  Thorough f l i g h t -  
test  documentation i s  needed i n  a l l  of t h e  t e c h n i c a l  d i s c i p l i n e s :  
aerodynamics,  s t r u c t u r e s  , dynamics,  a e r o e l a s  t i c i t y ,  and s t a b i l i t y  
and c o n t r o l .  
Known problem a r e a s  such as coupled proprotor/pylon/wing dynamic 
s t a b i l i t y ,  s h o r t - p e r i o d  a i r c r a f t  s t a b i l i t y ,  p r o p r o t o r  p r o p u l s i v e  
e f f i c i e n c y  , p r o p r o t o r  f l a p p i n g  i n  g i s t s  and maneuvers, and 
o s c i l l a t o r y  l o a d s  and v i b r a t i o n  should  r e c e i v e  s p e c i a l  a t t e n -  
t i o n .  However, even more impor tant  than t h e s e  i s  t h e  need t o  
d e f i n e  any unknown problems and t h e  technology r e q u i r e d  f o r  
t h e i r  s .  Lat ion .  
c .  Operat ion and Regu la t ion  C e r t i f i c a t i o n  C r i t e r i a  
Agencies wh 
c e r t i f y i n g  
and communi 
. i c h  w i l l  be  p lanning  t r a n s p o r t a t i o n  systems and 
and r e g u l a t i n g  t h e  a i r c r a f t ,  p o t e n t i a l  o p e r a t o r s ,  
. t i e s  t h a t  must a c c e p t  and accommodate t h e  new VTOL 
a i r c r a f t  w i l l  a l l  need f a c t u a l  i n fo rma t ion  on i t s  s p e c i f i c  
f :r.ight h ~ c !  environmental  c h a r a c t e r i s t i c s ,  and i t s  impact on 
ecology.  Eh-amples of t h e  informat ion  t h e y  w i l l  need a r e :  
Handling c h a r a c t e r i s t i c s  d u r i n g  hover  i n  and o u t  of  
ground e f f e c t ,  conver s ion ,  and c r u i s e  
- S t e e p  d e s c e n t  and approach c h a r a c t e r i s t i c s  
- Eme.rgency procedures  ( a u t o r o t a t i o n ,  e t c . )  
- Real estate r e q u i r e d  f o r  V/STOL p o r t s  
- Maneuver c a p a b i l i t y  
- Design l o a d  f a c t o r s  
- Riding  qualities ( g u s t  s e n s i t i v i t y )  
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- Vibra t ion  l e v e l s  
- Steady and o s c i l l a t o r y  p r o p r o t o r  l o a d s  
- P o l l u t i o n  
- Downwash and i n g e s t i o n  
- S i n g l e  engine and STOL c a p a b i l i t y  
- Mission s u i t a b i l i t y  and performance 
- F l i g h t  l i m i t a t i o n s  
- Operat ing f l e x i b i l i t y  and f l i g h t  procedures 
2 .  F l i g h t  I n v e s t i g a t i o n s  
NASA f l i g h t  r e s e a r c h  i n v e s t i g a t i o n s  needed t o  meet t h e  above 
o b j e c t i v e s  f o r  proof of concep t ,  e s t ab l i shment  of  a  technology 
base ,  and f o r  o p e r a t i o n  r e g u l a t i o n  and c e r t i f i c a t i o n  c r i t e r i a  
a r e  o u t l i n e d  below. This o u t l i n e  and d i s c u s s i o n  lumps t h e  t e s t s  
f o r  each of t h e  o b j e c t i v e s  t o g e t h e r  a s  i f  i t  were a l l  t o  be 
done i n  one b i g  program. However, t h e  r e s e a r c h  f l i g h t  t e s t s  
would probably be conducted a s  s e v e r a l  s e p a r a t e  programs spanning 
over  s e v e r a l  yea r s .  The f i r s t  program might be a  c o a r s e  coverage 
of most of t h e  a r e a s  of i n t e r e s t  w i t h  subsequent tes t  programs 
d i r e c t e d  a t  d e t a i l e d  q u a n t i t a t i v e  r e s u l t s  i n  s p e c i f i c  a r e a s .  
For convenience of p r e s e n t a t i o n ,  t h e  needed i l i g h t  i n v e s t i g a t i o n s  
a r e  d i scussed  i n  groupings r e l a t i n g  t o  a i r c r a f t  c o n f i g u r a t i o n  and 
speed. 
The Model 300 r e s e a r c h  a i r c r a f t  has  t h e  c a p a b i l i t y  f o r  performing 
f l i g h t  r e s e a r c h  i n  a l l  of t h e  a r e a s  of i n v e s t i g a t i o n .  I t s  capa- 
b i l i t i e s  and l i m i t a t i o n s  t o  perform t h e s e  i n v e s t i g a t i o n s  a r e  
d iscussed l a t e r  i n  fo l lowing s u b s e c t i o n s .  
a .  H e l i c o p t e r  Low-Speed F l i g h t  (0-40 Knots) 
(1  Performance 
Measure hover power r e q u i r e d  a s  a f u n c t i o n  of h e i g h t  above t h e  
ground anci g r o s s  weight t o  a i r  d e n s i t y  r a t i o  and determine  t h e  
f l a p  s e t t i n g  t o  minimize wing down load.  
( 2 )  Handling Q u a l i t i e s  
Evaluate rotor/wing/ground i n t e r f e r e n c e  e f f e c t s  on r o l l  s t a b i l -  
i t y  a t  v a r i o u s  h e i g h t s  i n  and o u t  of ground e f f e c t  wi th  d i f f e r e n t  
f l a p  s e t t i n g s  and wi th  SCAS ( s t a b i l i t y  and c o n t r o l  augmentation 
system) on and o f f .  
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Perform p r e c i s i o n  hover  and o t h e r  t a s k s  i n  calm and g u s t y  a i r  t o  
d e t e r m i n e  c o n t r o l  power and damping r e q u i r e m e n t s  i n  p i t c h ,  r o l l ,  
and yaw. 
I n v e s t i g a t e  t r i m  and t r a n s i e n t  c h a r a c t e r i s t i c s  i n  fo rward ,  s i d e -  
ward,  and rearward f l i g h t  f o r  speeds  up t o  40 k n o t s  and de t e rmine  
t h e  e f f e c t s  of conve r s ion  a n g l e  (from 75 t o  95 d e g r e e s ) ,  c e n t e r  
of g r a v i t y ,  and f l a p  s e t t i n g s .  
( 3 )  Environmental  E f f e c t s  
Measure v i b r a t i o n  and i n t e r n a l  and s i d e l i n e  n o i s e  i n  h o v e r  a s  a  
f u n c t i o n  of  a i r c r a f t  head ing ,  d i s c  l o a d i n g s  r a n g i n g  from 9 t o  1 5  
pounds per  s q u a r e  f o o t ,  and t i p  s p e e d s  v a r y i n g  from 600 t o  800 
f e e t  p e r  second. 
E v a l u a t e  downwash e f f e c t s  a t  v a r i o u s  h o v e r  h e i g h t s  on d u s t  and 
s p r a y  r e c i r c u l a t i o n  and crew v i s i b i l i t y ,  and measure  f l o w  pro-  
f i l e s  around t h e  a i r c r a f t  t o  d e f i n e  t h e  environment  f o r  ground 
pe r sonne l  a s  a f u n c t i o n  of d i s c  l o a d i n g .  
Measure i n l e t  t empera tu re  r ise t o  de t e rmine  h e a t  i n g e s t i o n  a s  a 
f u n c t i o n  of h e i g h t  and a i r c r a f t  head ing  t o  wind. 
( 4 )  O p e r a t i o n a l  C h a r a c t e r i s t i c s  
Explore  d i f f e r e n t  p i l o t  t e c h n i q u e s  f o r  s lowing  down, f l a r i n g ,  and 
l a n d i n g ,  and de t e rmine  p i l o t  work l o a d  f o r  s t e a d y  f l i g h t  when 
o p e r a t i n g  on t h e  back s i d e  of t h e  power c u r v e ,  i n  and o u t  of  ground 
e f f e c t .  
Conduct s i m u l a t i o n s  of  p i c k i n g  up a  r e s c u e e  w i t h  a  h o i s t  o v e r  l and  
and o v e r  w a t e r .  Determine approach p r o f i l e  t o  minimize d u s t  o r  
s p r a y  f o r  such o p e r a t i o n s .  
Determine t r a n s i e n t  and s t e a d y - s  t a te  maneuver r equ i r emen t s  (g capa-  
b i l i t y )  i n  hover  and slow- speed maneuvers.  S i m u l a t e  o p e r a t i o n  a t  
t h e s e  minimum l e v e l s  bv o p e r a t i n g  i n  t h e s e  maneuvers w i t h  r o t o r  
speed reduced t o  l i m i t  maximum t h r u s t  a v a i l a b l e .  
- 
~ m c o ~ t e r  Fo ward F l i g h t  (40-100 Knots) 
(1 )  Pe r fo rmmce  
Measure power r e q u i r e d  v e r s u s  a i r s p e e d  a s  a f u n c t i o n  of g r o s s  
weight  t o  a i r - d e n s i t y  r a t i o ,  conve r s ion  a n g l e ,  and f l a p  s e t t i n g .  
Determine rate of c l imb  and s e r v i c e  c e i l i n g  a s  a f u n c t i o n  of  a i r -  
speed and conve r s ion  a n g l e .  
(2) F l i g h t  Handl ing Q u a l i t i e s  
Determine t h e  l o n g i t u d i n a l  c o n t r o l  e f f e c t s  due  t o  t h e  r o t o r ' s  
downwash on t h e  h o r i z o n t a l  t a i l .  Measure f o r e  and a f t  s t i c k  
p o s i t i o n  v e r s u s  yaw a n g l e  a t  s e v e r a l  a i r s p e e d s .  
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Measure s t i c k  p o s i t i o n  s t a b i l . i t y ,  and s t i c k - f i x e d  and f r e e  dynamic 
s t a b i l i t y  a s  a  f u n c t i o n  of a i r s p e e d ,  conversion a n g l e ,  and a i r -  
c r a f t  c e n t e r  of g r a v i t y .  
Evaluate  yaw c o n t r o l  r e q u i r e d  f o r  coord ina ted  maneuvers a s  a  
func t ion  of a i r s p e e d .  
Evaluate  c o n t r o l  c h a r a c t e r i s t i c s  SCAS on and o f f  and e s t a b l i s h  
c.ontro1 power and damping requi rements  i n  p i t c h ,  r o l l ,  and yaw. 
( 3 )  Environmental E f f e c t s  
Measure f l y o v e r  and s i d e l i n e  n o i s e  f o r  a  range  of d i s c  load ings  
from 9 t o  15  pounds pe r  square  f o o t  and t i p  speeds from 600 t o  
800 f e e t  pe r  second. 
Measure i n t e 2 n a l  n o i s e  and v i b r a t i o n  f o r  a l l  f l i g h t  c o n d i t i o n s .  
(4 )  Opera t ional  C h a r a c t e r i s t i c s  
Define boundaries  f o r  maximum cl imb and p a r t i a l  power and auto-  
r o t a t i v e  descen t  ang les  a s  l i m i t e d  by b u f f e t i n g  from p o s i t i v e  and/ 
o r  n e g a t i v e  wing s t a l l ,  uncomfortable a t t i t u d e ,  v i s i b i l i t y ,  e t c .  
Simulate IFR work t a s k s  and approach c o n d i t i o n s  t o  determine 
usab le  ranges of g l i d e  s l o p e ,  speed,  and convers ion  ang le  f o r  
commercial o p e r a t i o n s .  
Evaluate  maneuverabi l i ty  a s  a  f u n c t i o n  of a i r speed  and conver- 
s i o n  ang le ,  and e s t a b l i s h  s t e a d y - s t a t e  and t r a n s i e n t  maneuver 
requirements  (g c a p a b i l i t y ) .  
Evaluate  d i f f e r e n t  d e p a r t u r e  and a?proach o p e r a t i n g  techniques  
and p r o f i l e s  t o  minimize f l y o v e r  and s i d e l i n e  n o i s e  l e v e l s .  
c  . Hel icop te r  High- Speed F l i g h t  (100-140 Knots ) 
Performance 
Determine maximum l e v e l  f l i g h t  speed versus  conversion a n g l e  and 
f l a p  s e t t i n g  a s  l i m i t e d  by power a v a i l a b l e .  
(2) C o n t r o l l a b i l i t y  
Detera ine  maximum f l i g h t  speed ve r sus  convers ion  ang le ,  f l a p  
s e t t i n g ,  and power a s  l i m i t e d  by l o n g i t u d i n a l  c o n t r o l .  
( 3 )  Dynamic Loads 
Deterrnlne maximum f l i g h t  spee.d v e r s u s  convers ion  ang le  , f l a p  
s e t t i n g ,  and power a s  l i m i t e d  by o s c i l l a t o r y  l o a d s  on p ropro to r  
and pylon and/or v i b r a t i o n  l e v e l  i n  t h e  c o c k p i t .  
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(4)  Maneuverabi l i ty  
Evaluate r e t r e a t i n g  b lade  s t a l l  i n  maneuvers a t  maximum speed a s  
l i m i t e d  by c o n t r o l l a b i l i t y ,  o s c i l l a t o r y  l o a d s ,  and v i b r a t i o n .  
d .  Conversion F l i g h t  (80-170 Knots) 
( 1 ) Performance 
Determine conversion envelope a s  a  func t ion  of a l t i t u d e ,  temper- 
a t u r e ,  and g ross  weight t o  a i r - d e n s i t v  r a t i o  a s  l i m i t e d  bv power 
a v a i l a b l e .  
( 2 )  F l i g h t  Handling -. Oual i t i e s  
Determine conversion envelope a s  
c o n t r o l l a b i l i t y .  
l i m i t e d  bv wing s t a l l  and/or 
Evaluate r o l l  c o n t r o l  power a s  a  f u n c t i o n  of convers ion  ang le  
and a i r s p e e d  and proximi ty  t o  s t a l l .  
Conduct maneuvers a t  v a r i o u s  convers ion  ang les  and e s t a b l i s h  
t h e  d e s i r e d  l e v e l  of c o n t r o l  power and damping f o r  p i t c h ,  r o l l ,  
and yaw. 
( 3 )  Dynamic Loads 
Determine conversion c o r r i d o r  a s  l i m i t e d  by s t a l l  b u f f e t ,  r o t o r  
induced v i b r a t i o n ,  and/or o s c i l l a t o r y  r o t o r  l o a d s .  
(4 )  Maneuverabi l i ty  
Evaluate  maneuverabi l i ty  a s  a  f u n c t i o n  of a i r s p e e d  and conversion 
ang le ,  and e s t a b l i s h  s t e a d y  s t a t e  and t r a n s i e n t  maneuver r e q u i r e -  
ments (g c a p a b i l i t y ) .  
Environmental E f f e c t s  
Measure v i b r a t i o n ,  i n t e r n a l  n o i s e ,  and f l y o v e r  n o i s e  a s  a  f u n c t i o n  
of conversion a n g l e  and a i r s p e e d  i n  l e v e l  f l i g h t ,  c l imb,  and 
approaches. 
(6 )  Opera t ional  C h a r a c t e r i s t i c s  
Determine t h e  most p r a c t i c a l  d a t a  p r e s e n t a t i o n  (such a s  a i r c r a f t  
angle  of a t t a c k )  f o r  t h e  boundaries  of the  convers ion  envelope t o  
enable  a  p i l o t  t o  s t a y  wi th in  t h e  conversion c o r r i d o r  wi thout  t h e  
need f o r  monitoring a i r s p e e d ,  power, a l t i t u d e ,  and g ross  weight  
dur ing  convers ion .  
Evaluate t h e  a b i l i t y  t o  conver t  and reconver t  whi le  a c c e l e r a t i n g  
o r  d e c e l e r a t i n g ,  c l imbing,  t u r n i n g ,  o r  l e t t i n g  down. 
C x d u c t  s imulated IFR f l i g h t  t o  de termine  work l o a d  dur ing  con- 
ve r s ion  whi le  e n r o u t e ,  on approach,  e t c .  
e .  Airp lane  F l i g h t  (140-300 Knots) 
(1 ) Performance 
Determine r a t e  of c l imb ,  s e r v i c e  c e i l i n g ,  s p e c i f i c  r ange ,  and 
maximum power l i m i t  speed a s  a  func t ion  of g r o s s  weight a t  t h e  
normal c r u i s e  t i p  speed. 
Measure power requ i red  t o  o b t a i n  a  q u a l i t a t i v e  i n d i c a t i o n  of pro- 
p u l s i v e  e f f i c i e n c y  a s  a  func t ion  of t i p  speed from 400 t o  700 f e e t  
p e r  second throughout t h e  a i r speed  range .  
(2) F l i g h t  Handling Q u a l i t i e s  
Measure r o l l  c o n t r o l  performance a t  low a i r s p e e d ,  f l a p s  up and 
down, and e s t a b l i s h  r o l l  c o n t r o l  power requi rements .  
Measure c o n t r o l  s t i c k  and pedal  f o r c e  c h a r a c t e r i s t i c s  i n  trim 
f 1 i g h t  and i n  maneuvering f  1 i g h t  . 
Evaluate t h e  e f f e c t  of a l t i t u d e  and a i r s p e e d  on s h o r t - p e r i o d  
l o n g i t u d i n a l  s t a b i l i t y  and Dutch r o l l  s t a b i l i t y .  
Determine, i f  m y ,  t h e  e f f e c t  of having a  h i g h l y  damped s p i r a l  
mode. 
(3)  A e r o e l a s t i c  S t a b i l i t y  
BY t h e  use of i n f l i g h t  s h a k e r s ,  measure t h e  f requency and damp- 
i n g  of major p r o p r o t o r ,  a i r f r a m e ,  and empennage modes a s  a 
f u n c t i o n  of a i r s p e e d  and a l t i t u d e .  
(4) Rotor Behavior 
Measure f l a p p i n g  ampli tude and o s c i l l a t o r y  b lade  l o a d i n g  i n  
c r u i s e  and maneuvers. 
(5) Riding Q u a l i t i e s  
Evaluate  v e r t i c a l ,  l a t e r a l ,  and f o r e  and a f t  r e sponse  c h a r a c t e r -  
i s t i c s  i n  tu rbu lence  and determine  what l e v e l  of a l l e v i a t i o n ,  
i f  any, should be r e q u i r e d  f o r  t h i s  type  of a i r c r a f t .  
( 6 )  3nvironmental E f f e c t s  
Measure v i b r a t i n n  and f l y o v e r  and i n t e r n a l  n o i s e  l e v e l s  a s  8 
func t ion  of power and a i r s p e e d .  
f .  Dive F l i g h t  (300 t o  360 Knots) 
-
Evaluate the  e f f e c t s  of c o m p r e s s i b i l i t y  on p r o p u l s i v e  e f f i c i e n c y ,  
r o t o r  behavioc ,  and a e r o e l a s t i c  s t a b i l i t y  by p r o g r e s s i v e l y  
i n c r e a s i n g  d i v e  speed u n t i l  some l i m i t  i s  reached f o r  t i p  s ~ e e d s  




(1  ) Takeoff Distance 
Measure takeoff  d i s t a n c e  a s  a  f u n c t i o n  of conversion ang le  (from 
70 t o  93 d e g r e e s ,  f l a p  s e t t i n g ,  g r o s s  we igh t ,  and a l t i t u d e .  
( 2 )  Maneuver C a ~ a b i l i t v  
Evaluate  maneuver c a p a b i l i t y  and f l i g h t - h a n d l i n g  q u a l i t i e s  t o  
e s t a b l i s h  c r i t e r i a  f o r  l e v e l s  of g  c a p a b i l i t y  and c o n t r o l  power 
f o r  STOL o p e r a t i o n .  
(3)  Environmental E f f e c t s  
Measure s i d e l i n e  n o i s e  exposure a s  a f u n c t i o n  o f  g r o s s  weight .  
(4)  Operat ing  C h a r a c t e r i s t i c s  
Determine combinati on of convers ion  a n g l e ,  l i f t - o f f  speed,  and 
f l a p  s e t t i n g  which w i l l  p rov ide  adequate  s a f e t y  and maneuver- 
a b i l i t y  f o r  t h e  f u l l  STOL g r o s s  weight and a l t i t u d e  c a p a b i l i t y  
of t h e  a i r c r a f t .  
h .  Emergency Condit ions 
(1 Performance 
Determine s ing le -eng ine  r a t e  of c l imb ,  s e r v i c e  c e i l i n g ,  and 
minimum speeds f o r  h e l i c o p t e r ,  convers ion ,  and a i r p l a n e  f l i g h t .  
Measure power o f f  r a t e  of s i n k  v e r s u s  a i r s p e e d ,  conversi.on 
a n g l e ,  f l a p  s e t t i n g ,  and rpm a s  a  f u n c t i o n  of  g r o s s  weight and 
a l t i t u d e .  
( 2 )  Operat ional  Procedures 
Define takeoff  p r o f i l e s  and o p e r a t i n g  g r o s s  w e i g h t / a l t i t u d e  
envelopes t h a t  w i l l  permit  s a f e  r e t u r n  t o  t h e  t akeof f  p o i n t  
and/or proceeding t o  t h e  c r u i s e  mode i n  t h e  event  of a  s i n g l e  
engine  f a i l u r e .  Develop l and ing  techniques  f o r  zero-speed 
touchdown on a  s i n g l e  engine.  E s t a b l i s h  f l i g h t  t echn iques  and 
d e f i n e  g r o s s  weight ,  a l t i t u d e ,  and a i r s p e e d  o p e r a t i n g  p r o f i l e s  
t h a t  w i l l  permit  s a f e  e n t r y  frcm a i r p l a n e  windmil l ing  f l i g h t  
i n t o  h e l i c o p t e r  a u t o r o t a t i o n a l  f l i g h t .  Evaluate  f l a r e  and touch- 
down techniques  t o  determine t h e  rnlnirnum s a f e  touchdown speed as 
a  f u n c t i o n  of a l t i t u d e  and p r o p r o t w  d i s c  load ing .  
i. Mission Simula t ion  
A demonstrated c a p a b i l i t y  f o r  t i l t - p r o p r o t o r  a i r c r a f t  t o  perform 
u s e f u l  miss ions  i s  requ i red  f o r  s u c c e s s f u l  "proof-of-concept." 
This  can be accomplished a s  p a r t  of NASA f  1 i g h t  i n v e s t i g a t i o t ~  
wi th  t h e  r e s e a r c h  a i r c r a f t .  
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Demonstrate t h e  l e v e l  of a b i l i t y  of t h e  a i r c r a f t  t o  perform a 
v a r i e t y  of poss ib le  c i v i l  and m i l i t a r y  miss ions .  Measure 
pay load / l i f  t c a p a b i l i t y ,  r ange ,  endurance,  and f u e l  consumption. 
F ly  s p e c i f i e d  f l i g h t  p r o f i l e s  w i t h  s imula ted  mission payloads .  
Conduct takeoff  and l and ings  from v a r i o u s  t e r r a i n  under a  v a r i e t y  
of atmospheric  c o n d i t i o n s .  Evaluate  approach and l a n d i n g  pro- 
cedures and p r o f i l e s  t o  e s t a b l i s h  c r i t e r i a  and provide  d a t a  f o r  
f l i g h t  r e g u l a t i o n s  and t h e  des ign  of t e r m i n a l  a r e a  nav iga t ion  
and t r a f f i c  c o n t r o l  systems,  and l a y o u t  of V/STOL p o r t s .  
B. CAPABILITY OF RESEARCH AIRCRAFT 
The Model 300 t i l t - p r o p r o t o r  a i r c r a f t  i s  sui tab1. -  f o r  perform- 
ing  t h e  NASA r e s e a r c h  f l i g h t  tests i n  a l l  of t h e  a r e a s  of 
f l i g h t  i n v e s t i g a t i o n  o u t l i n e d  p rev ious ly .  S p e c i f i c  c a p a b i l i t y  
f o r  performing r e s e a r c h  f l i g h t  tests i s  d i scussed  i n  t h '  sec-  
t i o n .  Areas of needed i n v e s t i g a t i o n  where t h e  Model 300 has 
only  l i m i t e d  c a p a b i l i t i e s  a r e  d i scussed  i n  subsect ion  C below. 
1. Performance C a p a b i l i t y  
General performance of t h e  a i r c r a f t  i s  desc r ibed  i n  S e c ~ i o n  V 
of c h i s  r e p o r t .  I n  t h i s  s e c t i o n ,  performance c a p a b i l i t y  of t h e  
a i r c r a f t  i s  d i scussed  and presented  i n  a  form which may be more 
u s e f u l  t o  t h e  f l i g h t  r e s e a r c h  i n v e s t i g a t o r .  
a .  Payload 
Nearly a l l  of t h e  VTOL concepts  researched t o  d a t e  wi th  t e s t  
a i r c r a f t  have f a i l e d  t o  demonstrate  t h a t  they  a r e  v i a b l e  so lu-  
t i o n s  f o r  p o t e n t i a l  VTOL miss ions .  This r e s u l t  has  been due 
p r i m a r i l y  t o  t h e  l a c k  of a  demonsi ra table  v e r t i c a l - l i f t  payload 
c a p a b i l i t y .  I f  p o s i t i v e  conclus ions  a r e  t o  be drawn from t h e  
program, i t  i s  e s s e n t i a l  t h a t  t h e  t i l t - p r c ~ r o t o r  r e s e a r c h  . ~ i r -  
c r a f t  ~ u c c e s s f u l l y  accomplish t h e  r o l e  of a  concept  demonstrator  
a s  w e l l  a s  perform technology test  t a s k s .  The Model 300 I-esearch 
a i r c r a f t  has  t h e  v e r t i c a l - l i f  t payload c a p a b i l i t y  t o  demonstrate  
proof of concept .  F igure  11-1 shows t h e  payload c a p a b i l i t y  f o r  
s imula t ing  mission payloads and/or c a r r y i n g  tes t  equipment. With 
a  crew of two and f u l l  f u e l  on board,  a s  much a s  4500 pounds of 
payload can be l i f t e d  on an out -of-ground-effec t  hover ing  take-  
o f f .  With reduced f u e l  l o a d ,  t h e  a i r c r a f t  can hover  above 16,000 
f e e t .  A t  t h e  SlDL g r c s s  weight of 15 ,000  pounds, payloads up t o  
5500 pounds can be l i f t e d  wi th  a  running t akeof f  a t  e l e v a t i o n s  
over  7000 f e e t .  F igure  11-1 a l s o  shows t h a t  even on h o t  days 
(95'F) t h e r e  i s  s u b s t a n t i a l  payload c a p a b i l i t y  i n  t h e  hover and 
STOL takeoff  modes. 
b.  Endurance 
Endurance of t h e  a i r c r a f t  w i t h  normal f u e l  l o a d  of 1600 pounds 
i s  more than adequate  t o  g a t h e r  c o n s i d e r a b l e  d a t a  on eack test  
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f l i g h t .  F igure  11-2 shows t h e  t i m e  a v a i l a b l e  a L  a  t e s t  p o i n t  
a s  a  f u n c t i o n  of t e s t  a i r s p e e d ,  a l t i t u d e ,  and a i r c r a f t  mode. 
For i n s t a n c e ,  t h e  Model 300 can hover f o r  1 . 6  hours ,  o r  c r u i s e  
a t  260 knots  a t  20,000 f e e t  f o r  2.0 hours .  
c .  rest Envelope 
The Model 300 has  a  l a r g e  2 i r s p e e d - a l t i t u d e  f l i g h t  envelope 
a v a i l a b l e  f o r  f l i g h t  r e sea rch  a s  shown i n  F igure  11-3. The 
a i r c r a f t  i s  designed f o r  a  c r u i s e  a i r s p e e d  of 260 kno t s  KEAS 
and a c r u i s e  Mach number of 0.50. Maximum l e v e l  f l i g h t  spced 
i s  311 knots  a t  6000 f e e t .  
Dive P r o f i l e  
To e x p l o r e  c h a r a c t e r i s  t i c s  which would 1 i m i t  t h e  maxirnurn a i r -  
speed of t h e  concept ,  t h e  a i r c r a f t  can d i v e  t o  i n v e s t i g a t e  
speeds beyond i t s  l e v e l  f l i g h t  c a p a b i l i t y .  The des ign  d i v e  
speed i s  an e q u i v a l e n t  a i r speed  of 300 knots  up t o  a  Mach number 
of 0.575. A d i v e  p r o f i l e  i s  shown on F igure  1 1 - 3  which would 
permit  t h e  Model 300 t o  o p e r a t e  wi th  i t s  p ropro to r  deep i n t o  
c o m p r e s s i b i l i t y  (where t h e  t o t a l  r o t o r  torque  a v a i l a b l e  would be 
requ i red  t o  overcome p r o f i l e  power wi th  l i t t l e  o r  no t h r u s t ) .  A 
s t a b l e  t e s t  c o n d i t i o n  could  be e s t a b l i s h e d  f o r  20 seconds a t  a  
f l i g h t  Mach number of 0.57 whi le  pass ing  through 14,000 t o  12 ,000 
f e e t  a l t i t u d e .  A maximum t r u e  a i r s p e e d  of 360 kncts  could be 
reached,  recovery  would be made above 10,000 f e e t ,  and t h e  d i v e  
would be en te red  a t  approximately 18 ,000 f e e t  w i t h  a  d i v e  ang le  
of approximately 9 degrees .  Conducting t h e s e  d i v e s  whi le  main- 
t a i n i n g  d i f f e r e n t  t i p  speeds would permit  e v a l u a t i o n  of com- 
p r e s s i b i l i t y  e f f e c t s  on t h e  p ropro to r .  This i s  d iscussed i n  
more d e t a i l  below. 
2.  Range of Parameter V a r i a t i o n  
- 
I t  i s  d e s i r a b l e  t o  be a b l e  t o  e v a l u a t e  a i r c r a f t  c h a r a c t e r i s t i c s  
a s  they  a r e  a f f e c t e d  by some of t h e  major des ign  v a r i a b l e s .  
C a p a b i l i t y  of t h e  Model 300 t o  e v a l u a t e  t h e  e f f e c t s  of d i s c  load-  
i n g ,  wing load ing ,  t i p  speed,  p ropro to r  in f low r a t i o ,  and prop- 
r o t o r  Mach number i s  desc r ibed  te low.  
a .  Disc Loading and Wing Loading 
L 
I t  i s  d e s i r a b l e  t o  be a b l e  t o  e v a l u a t e  t h e  environmental e f f e c t s  
of t h e  p ropro to r  hovering over  v a r i o u s  types  of t e r r a i n  and i n  a 
v a r i e t y  of s imulated o p e r a t i o n a l  c o n d i t i o n s .  Since it i s  known 
t h a t  downwash e f f e c t s  and n o i s e  a r e  r e l a t e d  t o  d i s c  l o a d i n g ,  t h e  
r e s e a r c h  a i r c r a f t  should be capab le  of e v a l u a t i n g  t h e  s e n s i t i v i t y  
of t h e s e  e f f e c t s  t o  changes i n  des ign  d i s c  load ing .  F igure  11-4 
shows t h a t  by varying g r o s s  weight ,  d i s c  l o a d i n g  of t h e  Model 300 
may be v a r i e d  from 8 .1  t o  14 .3  pounds p e r  square  f o o t  f o r  out-af-  
ground-effec t  hovering t a k e o f f ,  o r  f o r  a STOL t a k e o f f ,  d i s c  load- 




F i g u r e  11-4 shows t h a t  wing l o a d i n g  may be  v a r i e d  from 44 t 9  83 
pounds p e r  s q u a r e  f o o t  t o  e v a l u a t e  i t s  e f f e c t s  on STOL t a k e o f f  
and Landing per formance ,  r i d i n g  q u a l i t i e s  i n  t u r b u l e n c e  i n  t h e  
a i r p l a n e  mode, and hand1 i n g  q u a l i t ;  c s  and p e r f  ormance i n  conver -  
s i o n  and a i r p l a n e  modes of f l i g h t .  
b .  Tip Speed 
P r o p r o t o r  t i p  speed i s  an impor t an t  o p e r a t i n g  and d e s i g n  pGiam- 
eter i n  t h e  h e l i c o p t e r  as w e l l  as t h e  a i r p l a n e  modes of  f l i g h t .  
I n  p a r t i c u l a r ,  n o i s e  g e n e r a t e d  i n  hover  and t h e  p r o p u l s i v e  e f f  i- 
cie .ncy i n  c r u i s e  are c l o s e l y  r e l a t e d  t o  t i p  speed .  The test  t i p  
speed r ange  a v a i l a b l e  f o r  h o v ~ r  i s  shorn  i n  F i g u r e  11-5.  A t  t h e  
normal c r o s s  weight  of 1 2 , 4 0 0  pounds,  t i p  speed may be v a r i e d  
from 65u fee . t  p e r  second t o  814 f e e t  p e r  s e t -md  wh i l e  ma in t a in -  
i n g  an o u t - o f - g r o u n d - e f f e c t  h o v e r  a t  s en  l e v e l  on a s t a n d a r d  day. 
By reduc ing  g r o s s  we igh t ,  t i p  speeds  i:s low a, 525 f e e t  p e r  
second may be t e s t e d  i n  hover .  This  t ; ide r ange  of t i p  speeds  ?'s  
made a v a i l a b l e  by ove r speed ing  t h e  p~ .opro tor .  up t o  i t s  d e s i g n  
overspeed l i m i t ,  and by underspeeding  t h e  r o t o r  and r educ ing  
g r o s s  weight  a s  r e q u i r e d  t o  m a i n t a i n  h s m a l l  t h r u s t  margin f o r  
maneuvering.  mile t e s t i n g  i n  t h e  underspn-d r a n g e ,  i t  may be 
n e c e s s a r y  t o  avoid  one -pe r - r ev  r e s o n a n t  c o , , d i t i o n s  i f  t h e  prop-  
r o t o r s  are n o t  i n  good t r a c k  and ba l ance .  1he modes which c o u ~ d  
be  e x c i t e d  by one p e r  r e v  2nd t h r e e  p e r  r e v  a r e  i n d i c a t e d  i n  
F i g u r e  11-5 .  I n  hove r  t h e r e  should  be l i t t l e  t h r e e - p e r - r e v  
e x c i t a t i o n  and ,  w i t h  good t r a c k  and b a l a n c e ,  o p e r a t i o n  even i n  
t h e  shaded areas may be p o s s i b l e .  
The t i p  speed r ange  a v a i l a b l e  f o r  test i.n t h e  a i r p l a n e  c r u i s e  
mode of  f l i g h t  i s  shown i n  F i g u r e  11-6.  A r ange  f r o a  400 t o  700 
f e e t  p e r  second i s  a v a i l a b l e  by ove r speed ing  and u n d e r s p e c ? h g  
t h e  r o t o r .  The upper  l i m i t  of  700 f e e t  p e r  second i s  t h e  maximum 
t i p  speed which c a n  be  governed by t h e  p r o p r o t o r  governor .  The 
d e s i g n  c r u i s e  t i p - speed  r a n g e  of  the Yodel 300 i s  from 540 t q  660 
f e e t  pe r  second.  Within t h i s  t i p  s p e ~ d  r ange  t h e r e  i s  t h e  f i r s t  
asymmetric wing beam and wing chord  modes which cou ld  be e x c i t e d  
by one pe.r r e v  ou t -o f -ba l ance  and o u t - o f - t r , s c k .  However, expe- 
r i e n c e  w i t h  t h e  25- foot  p r o p r o t o r  i n  t h e  NASA-Arnes t u n n e l  and 
w i  t h  t h e  one-f i f  t h - s c a l e  a e r o e ?  as t ic  model i n d i c a t e s  t h a t  v i b ~  a -
t i o n  from t h e s e  modes i s  i n s i g n i f i c a n t  and shoul.d n o t  c a u s e  a  
test l i m i t a t i o n  f o r  t h e  a i r c r a f t .  O u t s i d e  of  t h e  des igr ,  
overspeed-underspeed r a n g e  b u t  w i t h i n  t h e  400 t o  700 f e e t - p e r -  
second r a n g e ,  t h e r e  are s e v e r a l  modes which can be e x c i t e d  
s t r o n g l y  and must be avoided .  These are inr l ica ted  by t h e  
shaded a r e a s  Qn F i g u r e  11-6. I t  should  be p r a c t i c a l  t o  test  i n  
t h e  r a n g e  from 400 t o  475 f e e t  p e r  second and  fro^ 675 t o  700 
f e e t  p e r  second i n  a d d i t i o n  t o  t h e  r a n g e  from 540 t o  660 f e e t  
p e r  second.  
c  . P r o p r o t o r  C r u i s e  Aerodynamic C o n d i t i o n s  
T e s t i n g  o v e r  a r a n g e  of t i p  speeds  i n  c r u i s e ,  a s  d e s c r i b e d  above,  
i s  needed f o r  a comple te  e v a l u a t i o n  of b l a d e  f l a p p i n g  behavior, 
Q BELL HELICOPTER cowmluv  
and dynamic s t a b i l i t y ,  a s  w e l l  a s  c r u i s e  p r o p u l s i v e  e f f i c i e n c y .  
P ropu l s ive  e f f i c i e n c y  i s  b a s i c  t o  a  broad e v a l u a t i o n  of the  
concept  a s  i t  r e l a t e ' s  t o  t h e  economics of how t h e  a i r c r a f t  can  
perform a miss ion  i n  comparison t o  o t h e r  a i r c r a f t  o r  v e h i c l e s .  
P ropro to r  b l ade  c o m p r e s s i b i l i t y  e f f e c t s  a r e  d e t r i m e n t a l  t o  h i g h  
p ropu l s ive  e f f i c i e n c y .  The u s a b l e  f l i g h t  speed r ange  of t h e  
p r o p r o t o r  concept  i s  t h e r e f o r e  l i m i t e d  a t  t h e  upper  end by  f l i g h t  
Mach number. F igure  11-7 shows t h e  p r o p r o t o r  i n f l o w  and b lade  
Mach number range  f o r  s e v e r a l  t e s t  c o n d i t i o n s  of t h e  Model 300 
a i r c r a f t  and comparzs t h e s e  wi th  t h e  D302 concep tua l  a i r c r a f t  
de f ined  i n  Task I of t h i s  s t u d y ,  Volume I .  Mach number a long  
t h e  span of t h e  p r o p r o t o r  b l a d e  v a r i e s  from t h e  f l i g h t  Mach num- 
b e r ,  M o ,  a t  t h e  c e n t e r l i n e  t o  t h e  Mach number a t  t h e  t i p  of t h e  
b l a d e ,  Mac h e l i c a l .  
The h i g h e s t  c r u i s e  t i p  Mach number and in f low r a t i c  of t h e  Model 
D302 a i r c r a f t  occur  a t  i t s  maximum c r u i s e  speed of 354 kno t s  a t  
23,OOC f e e t .  Tip Mach number i s  0.77 and in f low r a t i o  i s  i -15 .  
A t  t h i s  a l t i t u d e  and a t  normal g r o s s  w e i g h t ,  t h e  Model 300 can 
test a t  speeds up t o  280 kno t s  i n  l e v e l  f l i g h t .  With t h e  normal 
c r u i s e  t i p  speed of 600 f e e t  p e r  second,  t i p  Mach number i s  0.75, 
and A e q u a l s  0.79. In f low r a t i o  can be  i n c r e a s e d  t o  A e q u a l  t o  
1.265 by o p e r a t i n g  t h e  Model 300 p r o p r o t o r s  a t  a  t i p  speed of 400 
f e e t  p e r  second and t i p  Pach number t o  0.82 by o p e r a t i n g  a t  700 
f e e t  p e r  second. 
Higher t i p  Mach numbers and in f low r a t i o s  can be reached by 
d i v i n g  t h e  Model 300. Tip Mach number i s  0.79 a t  360 kno t s  and 
1 2  , I 3 0  f e e t  with a t i p  speed of 600 f e e t  p e r  second. By over- 
speeding t o  a t i p  speed of 700 f e e t  p e r  second,  t i p  Mach number 
i s  inc reased  t o  0.87. 
3 .  A b i l i t y  t o  Test  Other P r o p r o t o r  Conf igura t ions  
The serni-r igid gimbal-mounted p r o p r o t o r  i s  b a s i c  t o  t h e  t o t a l  
des ign  s o l u t i o n  of t h e  Model 300 a i r c r a f t .  However, t h i s  does  
n o t  n e c e s s a r t l y  mean t h a t  o t h e r  p r o p r o t o r  c o n f i g u r a t i o n s  could  
n o t  be t e s t e d  on t h e  Model 300 a i r c r a f t .  This  p o s s i b i l i t y  was 
examined v e r y  b r i e f l y  f o r  t h e  s o f t - i n p l a n e  p r o p r o t o r .  
The i n p l a n e  s t i f f n e s s  of t l , ~  Model 300 p r o p r o t o r  w a s  decreased  
t o  0.65 p e r  r e v  and t h e  f l a p p i n g  n a t u r a l  f requency tuned t o  1 . 2  
per r e v .  The s t a b i l i t y  uf t h e  symmetric f r e e - f r e e  modes w a s  
c a l c u l a t e d  f o r  a i r p l a n e  f l i b h t .  F igure  11-8 i s  a r o o t  l o c u s  of  
t h i s  c o n f i g u r a t i o n  a t  458 rpm. F i g u r e  11-9 shows t h e  s t a b i l i t y  
boundary as a  f u n c t i o n  of rpm. Above 410 rpm, t h e  s h o r t - p e r i o d  
f l i g h t  mode i s  t h e  f i r s t  mode t o  become u n s t a b l e ;  below 410 rpm, 
a coupled f l app ing- - inp lane  bending mode becomes u n s t a b l e .  A 
smal l  r eg ion  of a i r  resonance  (mechanical i n s t a b i l i t y )  i s  p re -  
d i c t e d  a t  low a i r s p e e d s .  The h igh  speed boundary i s  s a t i s f a c t o r y  
and t h e  low-speed a i r  resonance  i s  w e l l  below t h e  minimum f l y i n g  
speed i n  a i r p l a n e   mod^. 
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These r e s u l t s  a r e  encouraging,  but  from such an over-s impl i f  i c a t  ion 
of t h e  problem, no f i r m  conclus ion  can be reached.  An e x a c t  r ep re -  
s e n t a t i o n  of b lade  i n e r t i a  and s t i f f n e s s ,  i n  p a r t i c u l a r  b lade  
t o r s i o n a l  c h a r a c t e r i s t i c s  which a r e  t y p i c a l  af sof t - i n p l a n e  r o t o r  
c o n f i g u r a t i o n s ,  m u s t  be included i n  t h e  a n a l y s i s .  Also, t h e  char -  
a c t e r i s t i c s  of t h e  automatic  p ropro to r  c o n t r o l  system, which may 
be e s s e n t i a l  t o  minimize b lade  l o a d s  of a  s o f t  i n p l a n e  r o t o r  dur ing  
f l l g h t  i n  tu rbu lence  and maneuvers, must a l s o  be inc luded i n  t h e  
e v a l u a t i o n .  A c a r e f u l  e v a l u a t i o n  of t h e  a i r /ground resonance i n  
h e l i c o p t e r  and conversion mode would of c o u r s e  have t o  be made. 
The a b i l i t y  t o  test  o t h e r  p r o p r o t o r  c o n f i g u r a t i o n s  can on ly  be 
determined af t e r  thorough a n a l y s i s  o f  each con£ i g u r a t i o n  i n  a l l  
f l i g h t  modes. This  i s  beyond t h e  scope of t h e  p r e s e n t  s tudy.  
4. ~ p p l i c a b i l i t y  of R e s u l t s  
The NASA r e s e a r c h  f l i g h t  i n v e s t i g a t i o n s  w i '  1 produce technology 
t h a t  i s  appl - icable  t o  t h e  l a r g e s t  t i l t - p r o p r o t o r  a i r c r a f t  envi -  
s ioned a t  t h i s  time. I n  many a r e a s  of i n v e s t i g a t i o n ,  t h e  t e s t  
d a t a  i t s e l f  w i l l  be s c a l e a b l e  t o  l a r g e r  s i z e s .  However, t h e  
important  t h i n g  i s  n o t  t h a t  t h e  tes t  d a t a  be d i r e c t l y  a p p l i c a b l e ,  
bu t  t h a t  t h e  NASA r e s e a r c h  w i l l  p rovide  t h e  know-how ( technology)  
f o r  t h e  con£ iden t development of u s e f u l  o p e r a t i o n a l  a i r c r a f t  . 
Technology and d a t a  obta ined wi th  t h e  Model 300 r e s e a r c h  a i r c r a f t  
i s ,  however, d i r e c t l y  s c a l e a b l e  t o  t h e  des ign  of t h e  m i l i t a r y  and/ 
o r  commercial t i l t - r o t o r  V/STOL a i r c r a f t  de f ined  i n  Task I of t h i s  
s t u d y ,  Volume I ,  because t h e  t e c h n i c a l  approach t o  t h e  t o t a l  a i r -  
c r a f t  des ign  s o l u t i o n  f o r  t h e  Model 300 r e s e a r c h  a i r c r a f t  i s  
i d e n t i c a l  wi th  t h e  des ign  s o l u t i o n  f o r  t h e  B e l l  D302 conceptual  
a i r c r a f t .  This des ign  s o l u t i o n  i s  a l s o  a p p l i c a b l e  t o  o t h e r  a i r -  
c r a f t  designed t o  be  o p e r a t i o n a l  i n  t h e  1980-1985 time frame. 
Comparison of s e v e r a l  of t h e  t e c h n i c a l  des ign  a s p e c t s  of t h e  Model 
300 and t h e  D302 a r e  made i n  Figures  11-10 and 11-11 t o  i l l u s t r a t e  
t h a t  d a t a  and technology from t h e  r e s e a r c h  f l i g h t  i n v e s t i g a t i o n s  
w i l l  be a p p l i c a b l e  t o  t h e  des ign  of o p e r a t i o n a l  a i r c r a f t .  
F igure  11-10 compares t h e  r e l a t i v e  l o c a t i o n  of t h e  b lade  n a t u r a l  
f r equenc ies  t o  t h e  e x c i t i n g  f requenc ies  f o r  t h e  p ropro to r  of t h e  
Model 300 r e s e a r c h  a i r c r a f t  and t h e  D302 conceptual  d e s i g n .  
F igure  11-11 compares t h e  coupled p rop ro to r /py lon /wing / f l i gh t  
modes of t h e  two a i r c r a f t .  I t  i s  seen t h a t  on a  nondimensional 
b a s i s ,  i . e . ,  i n  terms of p e r  r e v ,  r e l a t i v e  l o c a t i o n  of n a t u r a l  
f r equenc ies  i s  b a s i c a l l y  t h e  same f o r  t h e  two a i r c r a f t .  Not only  
i n  t h e  a r e a  of dynamics, b u t  a l s o  i n  o t h e r  a r e a s ,  t h e  t e c h n i c a l  
des ign  of t h e  Model 300 i s  s i m i l a r  t o  t h e  D302 and r e p r e s e n t a t i v e  
of t i l t - p r o p r o t o r  a i r c r a f t  t h a t  could be o p e r a t i o n a l  i n  t h e  1980-85 
t ime frame. 
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The Model 300 r e s e a r c h  a i r c r a f t  i s  w e i l  s u i t e d  f o r  NASA f l i g h t  
i n v e s t i g a t i o n s  t o  accomplish t h e  o b j e c t i v e s  of proof of concep t ,  
e s t a b l i s h  a technolcgy b a s e ,  and provide  o p e r a t i o n  r e g u l a t i o n s  
and c e r t i f i c a t i o n  c r i t e r i a .  There a r e  l i m i t s ,  however, t o  what 
a  given a l r c r a f t  can do. These l i m i t s  f o r  t h e  r e s e a r c h  a i r c r a f t ,  
as they r e l a t e  t o  t h e  o b j e c t i v e s  of t h e  r e s e a r c h  f l i g h t  i n v e s t i -  
g a t i o n ,  a r e  d i scussed  below. 
1. Technical  C h a r a c t e r i s t i c s  
The Model 300 can ve ry  adequa te ly  p rov ide  f l i g h t  r e s u l t s  t o  
e s t a b l i s h  t h e  technology base  f o r  o p e r a t i o n a l  a i r c r a f t .  This  
technology w i l l  be a p p l i c a b l e  t o  t h e  l a r g e s t  t r a n s p o r t  a i r c r a f t  
t h a t  a r e  envisioned a t  t h i s  t ime.  However, f o r  miss ions  r e q u i r -  
ing  dash speeds of 4Cn knots  o r  more, r e s e a r c h  emphasis should 
be placed on e v a l u a t i n g  p ropro to r  c o m p r e s s i b i l i t y  e f f e c t s .  As 
discussed  i n  Sec t ion  11. B . 2  above, some d a t a  of t h i s  type  can be 
obta ined wi th  t h e  Model 300. The a i r c r a f t  can d i v e  t o  f l i g h t  
Mach numbers of 0.57. 
The a d d i t i o n  of a u x i l i a r y  j e t  engines t o  t h e  a i r c r a f t  would elim- 
i n a t e  t h e  need f o r  d i v i n g  and would make t h e  a i r c r a f t  b e t t e r  
s u i t e d  f o r  c o m p r e s s i b i l i t y  t e s t i n g .  With j e t  eng ines ,  t h e  Model 
300 would be capable  of e v a l u a t i n g  p ropro to r s  designed t o  o p e r a t e  
a t  speeds of 400 knots  and above. 
2 .  O ~ e r a t i o n a l  C h a r a c t e r i s t i c s  
The r e s e a r c h  a i r c r a f t  i s  l i m i t e d  i n  some a r e a s  t o  t h e  e x t e n t  i t  
can e x p l o r e  and d e f i n e  t h e  o p e r a t i o n a l  c h a r a c t e r i s t i c s  of t h e  
concept .  This i s  a  r e s u l t  of t h e  l a c k  of o p e r a t i o n a l  systems 
and equipment i n  t h e  r e s e a r c h  a i r c r a f t  and i t s  smal l  s i z e .  
I n s t a l l a t i o n  of a d d i t i o n a l  equipment can minimize s m e  of these  
l i m i t a t i o n s .  L i m i t a t i o n s  w i t h  r e s p e c t  t o  s i z e  and equipment a r e  
d i scussed  below. 
The Model 300 r e s e a r c h  a i r c r a f t  has t h e  aerodynamic c a p a b i l i t y  
t o  e v a l u a t e  t h e  STOL performance of t h e  t i l t - p r o p r o t o r  concept .  
Except f o r  t h e  landing g e a r ,  t h e  s t r u c t u r e  i s  adequate  t o  meet 
FAA requirements  up t o  g ross  weights  of 15,000 pounds. The main 
l and ing  g e a r  o l e o  used on t h e  Node1 300 i s  from an execu t ive  
turboprop a i r p l a n e  and i s  good f o r  a  des ign  l a n d i n g  weight  of 
9500 pounds. The l i m i t  s i n k  speed would be  reduced t o  80 p e r c e n t  
a t  15,000 pounds g ross  weight .  Run-on l a n d i n g s  would have t o  be 
l i m i t e d  t o  smooth runways under s t e a d y  wind c o n d i t i o n s .  T i i i s  
l i m i t a t i o n  could  be e l imina ted  by f i t t i n g  t h e  a i r c r a f t  w i t h  a  new 
landirig g e a r  o r  a t t a c h i n g  a  i i x e d  l and ing  g e a r  t h a t  was designed 
f o r  h igher  g ross  weights  and rough t e r r a i n .  
The Model 300 i s  n o t  equipped w i t h  a  h o i s t  which would be d e s k -  
a b l e  f o r  e v a l u a t i n g  t h e  rescue  c h a r a c t e r i s t i c s  over  wa te r ,  f o r e s t s ,  
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e t c .  A personnel  h o i s t  could t e  f i t t e d  t o  t h e  a i r c r a f t  which 
would e l i m i n a t e  t h i s  l i m i t a t i o n .  
Use of t h e  r e s e a r c h  a i r c r a f t  t o  d e f i n e  t e r m i n a l  a r e a  and enrou te  
n a v i g a t i o n  and t r a f f i c  c o n t r o l  requi rements  and c r i t e r i a  w i l l  be 
l i m i t e d .  A thorough t r ea tment  of t h i s  a r e a  of i n v e s t i g a t i o n  
r e q u i r e s  an automatic  f l i g h t  c o n t r o l  system t h a t  i s  t i e d  i n t o  d 
v a r i e t y  of n a v i g a t i o n a l  a i d s  wi th  a p p r o p r i a t e  c o c k p i t  d i s p l a y s .  
The Model 300 r e s e a r c h  a i r c r a f t  could c a r r y  t h e  weight of t h e  
needed equipment, but  space  on t h e  ins t rument  panel  and c o n t r o l  
conso les  i s  l i m i t e d .  To determine whether o r  n o t  t h e  needed 
equipment and d i s p l a y s  can be f i t t e d  i n t o  t h e  a i r c r a f t  would 
r e q u i r e  s e l e c t i o n  of equipment and a  d e t a i l e d  c t e k p i t  des ign  l a y -  
o u t  s tudy.  This  i s  beyond t h e  scope of t h e  p r e s m t  s tudy.  
I t  must be recognized t h a t  c e r t a i n  ground and f l i g h t  o p e r a t i o n a l  
c h a r a c t e r i s t i c s  a s  w e l l  a s  environmental e f f e c t s  w i l l  be a f f e c t e d  
by s i z e  of t h e  a i r c r a f t .  However, i f  proper  s c a l i n g  i s  used t o  
account f o r  s i z e  e f f e c t s ,  o p e r a t i o n a l  c h a r a c t e r i s t i c s  of t h e  
r e s e a r c h  a i r c r a f t  can be e x t r a p o l a t e d  t o  o p e r a t i o n a l  a i r c r a f t .  
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I b-, PAnOAD WITH FULL F'UEL - 
ZERO FULL 1000  POUNDS 
FUEL FUEL (1600 LB) 
(GW = 7909 LB) 
F i g u r e  IL1. Model 300 Payload C a p a c i t y  f o r  T e s t  Equipment 
and/or  Mise ion  S i m u l a t i o n  Versus  Takeoff 
A l t i t u d e .  
FUEL ALLOWABLE INCLUDES 
1. mo MILJUTE WARM-UP 
AT NORMAL RATED POWER 
2. 10 PERCENT FUEL RESERVE 
TEST AIRSPEED (TRUE) - KNOTS 
F igure  11-2. Model 300 F l i g h t  Test Endurance. 
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?RUE ATRSPEED - KNOTS 
Figure  11-3. Model 300 Flight-Test Envelope and Dive 
p r o f i l e .  
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GW = 7989 LB 
TWO PILOTS AND- 
M I N I M U M  FUEL 
#-w STOL GR I G E  
1 I I HWER TAKEOFF 
GROSS WE1 GHT \ 
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GROSS WEIGHT - 1000 POUNDS 
Figure 11-4. Model 300 T e s t  Range of Disc Loading and 
Wing Loading . 
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TIP SPEED - FPS 
500 550 600 650 700 750 800 850 
TIP SPEED - FPS 
Figure 1 1 - 5 .  Model 300 Test T i p  Speed and Gross Weight 
Range f o r  Hover. 
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F i g u r e  11-6. Model 300 Test T i p  Speed Range for 
A i r p l a n e  Cruise. 
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D302 CONCEPTUAL AIRCRAFT 
354 KNOT LEVEL F'LIGHT AT 23000 FT 
MODEL 300 RESEARCH AIRCRAFT 
0 0 280 KNOT LEWEL FLIGIIT AT 23000 FT 
0' 8'0'360 KNOT DIVE F'LIMTAT 12000 FT 
MACH NUMBER OF PROPROTOR BLADE SECTIONS 
Figure 11-7. Comparison of Model 300 Proprotor Inflow 
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Figure 11-9. Model 300 with So f t  Inplane Proproror, 




NONDIMENSIONAL ROTOR SPEED - PER REV OF HOVER RPM 
Figure 11-10. Comparison of Model 300 Proprotor Blade 
Collective Modes with D302 Conce?tuaL 
Aircraft. 
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F i g u r e  11-11. Comparison of  Model 300 Symmetric Modes 
w i t h  D302 Conceptua l  A i r c r a f t .  
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DESIGN DESCRIPTION 
The Model 3C0 t i l t - p r o p r o t o r  prnof-of-concept a i r c r a f t  has twin 
p ropro to rs  a t  t h e  t i p s  of a  foward-swept  h igh  wing. The prop- 
r o t o r s  a r e  mounted w i th  gearboxes and tu rboshaf t  eng ines  i n  s e l f -  
conta ined propuls ion system pods. The a i r c r a f t  uses  two 1150- 
horsepower P r a t t  ar.d Whitney PT6C-40(VX) d i r e c t - d r i v e  engines .  
General arrangement of t h e  a i r c r a f t  i s  shown i n  300-960-101 
t h r e e  view drawing. 
The three-bladed 25-foot-diameter p ropro to rs  are gimbal mounted 
wi th  hub sp r i ngs  t o  i n c r e a s e  l o n g i t u d i n a l  c o n t r o l  power i n  
h e l i c o p t e r  mode. The p ropro to rs  a r e  i d e n t i c a l  i n  de s ign  t o  t h e  
p ropro to r  t e s t e d  e a r l y  i n  1970 i n  t h e  NASA-Ames f u l l - s c a l e  tunnel .  
Disc load ing  i s  12.6 pounds per square  f o o t  a t  t h e  normal g ross  
weight of 12,400 pounds and 15.3 pounds per  square  f o o t  a t  t h e  
STOL g ros s  weight of 15,000 pounds. A t  normal weight t h e  wing 
load ing  i s  68.5 pounds pe r  square f o o t .  
The cockp i t  i s  ar ranged f o r  a crew of two; t h e  a i r c r a f t  can be 
flown from e i t h e r  s e a t .  Converslon and power management pro- 
cedures  a r e  s imple  and s t r a i gh t fo rwa rd  and permit  t he  a i r c r a f t  
t o  be flown by a s i n g l e  p i l o t .  Power i s  c o n t r o l l e d  i n  t h e  
h e l i c o p t e r  mode by a  c o l l e c t i v e  s t i c k  and t w i s t  g r i p  t h r o t t l e s  
and i n  a i r p l a n e  mode by t h r o t t l e  l e v e r s  and a  proprotor  
governor. Conversion i s  c o n t r o l l e d  by f o r e  and a f t  movement of 
swi tches  on t h e  p i l o t  and c o p i l o t  c y c l i c  c o n t r o l  s t i c k s .  
The canopy and forward f u s e l a g e  are designed f o r  i n s t a l l a t i o c  of 
3ouglas  Escapac 1 - E  e j e c t i o n  s e a t s  f o r  t h e  r e s ea r ch  f l i g h t  
t e s t s .  The cab in  i s  l a r g e  enough t o  sccommodate e i g h t  passengers  
i n  convent ional  s e a t i n g  o r  twelve t r oops  i n  a  high-densi ty s e a t i n g  
arrangement.  
The a i r c r a f t  i s  designed f o r  a  2.0 g  load f a c t o r  i n  h e l i c o p t e r  
and conversion mode and +3.17 g i n  a i r p l a n e  mode. Design l i m i t  
speed i s  300 knots .  Basil* des ign c r i t e r i a  a r e  summarized i n  
Sect ion  B. Basic d a t a  a r d  summarized i n  Table 111-1, dimen- 
s i o n a l  d a t a  i n  Table 111-11, c o n t r o l  t r a v e l s  i n  Table 111-111, 
and , ; r c r a f t  i n e r t i a s  i n  Table 1 1 1 - I V .  
The fol lowing des ign  l ayou t s  a r e  inc luded i n  t h e  back of t h i s  
volume. Throughout t h e  t e x t  of t h i s  s e c t i o n ,  where r e f e r ence  
i s  made t o  t h e s e  drawings, drawing number w i l l  be shown i n  
parentheses.  
300-960-101 Three V i e w  
300-960-002 Propro to r  and Controls  
300-010-001 Blade Assembly 
300-010-100 Propro to r  Assembly 
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300-960-003 I ~ b o a r d  P r o f i l e  - NaceLle 
300-960-004 Main Transmission 
300-960-005 Fixed Controls  - Wing 
300-960-006 Fixed Controls  - Fuselage 
300-960-007 Wing Assembly 
300-960-~08 Fuselage and Empennage 
300-960-009 C r e w  S t a t i o n  and General Arrangement 
TABLE 111-1. BASIC DATA 
A i r c r a f t  Weight 
Normal Gross Weight 
STOL Gross Weight 
Empty Weight 




30-Minute Rating (2 x 1150) 
Maximum Continuous Rat ing (2 x 995) 
Power Loading a t  Normal Gross Weight 
Power Loading a t  STOL Gross Weight 
Proprotor (Two) 
Diameter 
Number of BlaOes Per  Rotor 
S o l i d i t y  
Disc Loading a t  Normal Gross Weight 




Aspect Ra t io  
Wing Loading a t  Normal Gross Weight 





6 .5  lb/hp 
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TABLE I I1 -11. DIMENSIONAL DATA 
A i r c r a f t  Dimensions 
O v e r a l l  Length (42.1 f e e t )  
O v e r a l l  Width (P ropro to r  Turn!.ng) 
(57.2 f e e t )  
O v e r a l l  Width ( P r o p r o t o r s  Removed) 
(36.4 f e e t )  
O v e r a l l  Height  Pylons  Vertical !Top 
of Spinner  - Prom S t a t i c  GL) a t  
NGW (15.4 f e e t )  
O v e r a l l  Height  (Top of F i n  - From 
S t a t i c  GL) a t  NGW (12.7 fee t )  
Span Betwzen Propro':or C e n t e r l i n e s  
a t  Conversion Pivof:  P o i n t s  
(32.2 f e e t )  
S t a t i c  Ground L ine  Xeference a t  WL 
Height  of Conversion P i v o t  P o i n t  
Above S t a t i c  GL a t  NGW (7.42 f e e t )  
Conversion Axis  Loca t ion ,  P e r c e n t  
Wing MAC 
Dis t ance  from Conversion P i v o t  P o i n t  
To H o r i z o n t a l  T a i l  1/4-Chord of 
MAC (21.6 f e e t )  
To V e r t i c a l  T a i l  1/4-Chord of 
MAC (22.2 f e e t )  
D i s t a n c e  from Wing 1/4-Chord of MAC 
To Conversion Axis 
To H o r i z o n t a l  T a i l  1/4-Chord of 
MAC (22.4 f e e t )  
To V e r t i c a l  T a i l  1/4-Chord of 
MAC (22.9 f e e t )  
Ground Clea rance  a t  NGW (GL a t  
WL 11.0)  
Main Gear Tread Width 
Distance from Nose-Wheel Axle t o  
Main-Gear Axles 
Engine 
30-Minute R a t i n g  
Horsepower 
RPM (Output S h a f t )  
Torque 
1 i 5 0  s h p  
39000 
21420 i n - l b  
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TABLE 111-11. Continued 
Maximum Continuous P.ating 
Horsepawer 
RPM (Output Shaft) 
Torque 
Dry Weight 
Drive System Gear Ra t io s  
Engine t o  Proprotor  
Engine t o  In terconnect  Sha f t  
Proprotor  
Number of Blades per  Proprotor  
Diameter 
Disc Area per  Propro tor  
Blade Chord (See Fig. 111-1) 
Blade Thickness 
Blade Area (3 b lades )  
S o l i d i t y  
Blade A i r f o i l  Sec t ion  
Root (CL Mast) 
T ip  
Blade Twist (See F igure  111-1) 
Hub Precone Angle 
63 
Under s l  ing ing  
Mast Moment Spring (per  Rotor) 
F lapp lag  Design Clearance 
Blade Flapping ~ n e r t i a  (pe r  Blade) 
Blade Lock Number 
Di rec t ion  of Rota t ion,  Inboard 
Tip Motion, ~ e l i c o p t e r / A i r p l a n e  
Pylon and Conversion Actuator  





Conversion Axis Wing Chord Location 
Conversion Axis Forward Sweep 
Conversion Axis Dihedral (Up) 
995 shp 
30000 
2090 i n - l b  
3 
25.0 f t  
491 sq  f t  
14  i n  bas ic  b l ade  
See Fi-gure 111-1 
43.75 sq f t  
0.089 
NACA 64-935 a =  0.3 
NACA 64-208 a =  0.3 
-45.0 deg 










39.0 Dercent MAC 
5.5 dig 
3 deg 
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TABLE 111-11. Continued 
Angle of Mast Axis t o  Conversion 
Axis 
Angle of Outboard T i l t  of Mast Axis 
He l icop te r  Mode 
Airplane  Mcde 
Distance Rotor Flapping Axis t o  
Conversion Axis 
C o n ~ e r s i o n  Range (pylon Ve r t i c a l  
6, 1-90') 
~ g t u a t o r  Length 
Ex tended 
Re t rac ted  
Travel  
Dis tance  Engine CL from Mast CL 
Wing 
Span (34.6 f e e t )  
Span between Conversion Axis 
Pivot  P o i n t s  
Area (Tota l )  
Root Chord (BL 28.0) 
T ip  Chord (BL 207.5) 
Mean Aerodynamic Chord 
Chord (BL 103.7) 
Leading Edge a t  FS 
1/4 Chord a t  FS 
A i r f o i l  Sec t ion  (Constant) 
Aspect Rat io  
Forward Sweep 
Dihedral 
Angle of Incidence 
Wing Twist 
Flaperon 
Area/Side ( A f t  of Hinge L ine)  
Span (Along Hinge Line)  (7.86 f e e t )  
Chordfiing Chord 
F lap  
Area/Side (Aft of Hinge Line)  
Span (Along Hinge LineJ(4.25 f e e t )  
Chordming Chord 
Wing Loading 
Normal Gross Weight 




95 t o  0 deg 
63.06 i n  
275.8 
291.3 
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TABLE 111-11. Continued 
Fuse lage  
Length (41.0 f e e t )  
Maximum Breadth  
Maximum D e ~ t h  
Cabin ~ e n g t h  (Cockpit  P l u s  Cargo 
Compartment) (15.25 f e e t )  
Cargo Compartment Length (9.16 f e e t )  
Cargo Compartment Width 
Max imum 
F l o o r  L ine  
Cargo Compartment Height  
Ahead of Wing 
Under Wing 
Cargo F l o o r  Space (9.16 f e e t  x 
4 f e e t )  
Cargo Compartment Volume (9.16 fee t  x 
4 f e e t  x 4.75 f e e t j  
V e r t i c a l  T a i l  
Span (7.68 f e e t )  
T o t a l  Area 
Rudder Area (Af t  of  Hinge) 
Rudder ~ h o r d / T o t a l  Chord 
Aspect R a t i o  
Sweep of 1/4 Chord (Upper) 
Root Chord a t  WL 103.0 
A i r f o i l  S e c t i o n  
T i p  Chord a t  WL 163 & 70.8 
A i r f o i l  S e c t  i o n  
MAC Chord (WL 115.69) 
MAC Leading Edge a t  FS 
MAC 1/4-Chord a t  FS 
H o r i z o n t a l  T a i l  
T o t a l  Area 
Span (12.83 fee t )  
Aspect R a t i o  
Angle of Inc idence  
E l e v a t o r  Area ( A f t  of Hinge) 
E l e v a t o r  Chord/Total Chord 
Root Chord (BL 0 )  
A i r f o i l  S e c t i o n  
T i p  Chord (BL 77.0) 
A i r f o i l  S e c t i o n  
MAC Chord (BL 38.50) 
MAC Leading Edge a t  FS 
MAC 1,/4-Chord a t  FS 
Sweep of  1/4-Chordline 
92.2 i n  
50.5 s q  f t  




49.04 i n  
NACA 0009 
28.75 i n  
NACA Or309 
44.75 i n  
555.1 
566.3 
50.25 sq  f t  
154.0 i n  
3.28 
0 deg 
47.0 i n  
NACA 64A015 






TABLE 111-11. Concluded 
Main Gear 
Number of Wheels per  Side  
T i r e  S i z e ,  Type and Ply  Ra t ing  
1 
8 . 5 0 ~ 1 0 ,  Type 
111, 10-ply 
70 p s i  
25.2 i n  
9200 l b  
7.0 
80 k t  
10.0 i n  
I n f l a t i o n  Pressure  
Nominal Outs ide  Diameter 
Load Rating (Hel icop te r )  
F l a t - T i r e  Radius 
Maximum Ground Speed 
Oleo S t r u t  S t roke  (Tota l )  
Nose Gear 
Number of Wheels 
Wheel Spacing (Dual) 
T i r e  Size ,  Type and P ly  Rating 
2 
9 .5  i n  
5 . 0 0 ~ 5 ,  Type 
111, 6-ply 
49  p s i  
13.9 i n  
2100 l b  
3.8 i n  
80 k t  
9.0 i n  
I n f l a t i o n  Pressure  
Nominal Outside Diameter 
Load Rating (Hel icop te r )  
F l a t  T i r e  Radius 
Maximum Ground Speed 
Oleo S t r u t  S t roke  (To ta l )  
TABLE 1.11-111. CONTROL TRAVELS 
Cockpit Controls  
Cyclic S t i c k  Fore  and Af t  
Cycl ic  S t i c k  L a t e r a l  
C o l l e c t i v e  S t i c k  
Rudder Pedal s 
Pedal Adjustment 
Proprotor  Controls  
CollectCve P i t c h  a t  0.75R 
Hel icop te r  
Conversion 
Airplane  
-3, +18 deg 
See F igure  111-7 
+18, +50 deg 
D i f f e r e n t i a l  C o l l e c t i v e  P i t c h  
(La t e r a l  Cyc l ic  S t i c k )  




See Ffgure 111-8 
20. 58 deg 
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TABLE 111-111. Concluded 
Co l l ec t i ve  P i t c h  Trim 
Hel icop te r  
Conversion 
Ai rp lane  
Fore and A f t  Cyc l i c  P i t c h  
He l icop te r  
Conversion 
Airplane  
D i f f e r e n t i a l  Cyc l i c  P i t c h  
(Rudder Pedals)  
He l icop te r  (0-60 k t  EAS) 
(60-100 k t  EAS) 
(100 k t  EAS +) 
Conversion 
Ai rp lane  
t0 .5  deg 
20.5 deg 
20.5 deg 
210.0 drg  
See F igu re  111-9 
0  
24.0 deg 
See F igu re  111-11 
t1.0  deg 
See F igu re  111-10 
0  deg 
Propro to r  Control  Geometry See F igure  111-14 
Control  Surf a ce s  
F lap  and Flaperon Travels  
Elevator  
Elevator  Trim Tab 
Rudder 
SCAS Author i ty  
C o l l e c t i v e  P i t c h  
Cyc l ic  P i t c h  
Flaperon 









TABLE 1 1 1 - I V .  INERTIA 
A i r c r a f t  I n e r t i a  i n  Airplane  Mode 
Minimum f l y i n g  weight (170 l b  p i l o t )  
P i t c h  
Rol l  
Yaw 
Landing g r o s s  weight  
2 11860 s lug  f t 2  
35030 s lug f t 2  
44890 s lug  f t  
P i t c h  
Rol l  
Yaw 
Normal g ross  weight  
P i t c h  
Rol l  
Yaw 
Pylon I n e r t i a  i n  Air?lane Mode ( Inc ludes  
Rotor Weight: Lumped a t  Gimbal) 
I n e r t i a  per pylon 
322.5 s lug  f t  2  
4 2 . 4  s lug f t 2 2  
300.0 s lug f t  
P i t ch ,  Iyl, 
Rol l ,  Ixx 
yaw, Iz, 
Center of g r a v i t y  l o c a t i o n  
277 inch 
94 inch  
194 inch 
Proprotor  Blade 
102.7 s lug  f t  2 
3.83 
0.222 s lug f t 2  
Flapping i n e r t i a  per b l ade  
Lock Number 
Fea ther ing  i n e r t i a  
Spanwise c e n t e r  of g r a v i t y  5 8  inch  
Chcrdwise cen t e r  of g r a v i t y  from LE 
Chordwise c e n t e r  of g r a v i t y  
Spanwise c e n t e r  of percussion 
Chordwise c e n t e r  of percuss ion 
Chordwise c e n t e r  of percuss ion 
4.64 inch  
33.1  percent  chord 
85.5 inch  
3.87 i nch  
27.6 percent  chord 
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I C o n t r o l  S u r f a c e s  About Hinge L ine  I 
E l e v a t o r  per  s i d e  
Rudder pe r  s i d e  
~ l a ~ e r o n  p e r  s i d e  
F l a p  p e r  s i d e  
0 .0631 s l u g  f t 2  
0.0170 s l u g  f t 2  
0.0826 s l u g  f t 2  
0.0442 s l u g  f t 2  
B. DESIGN CRITERIA 
C r i t e r i a  have been e s t a b l i s h e d  t o  p r o v i d e  a  s a f e  and e f f i c i e n t l y  
des igned  f l i g h t  r e s e a r c h  a i r c r a f t .  Rasic  c r i t e r i a  comply w i t h  
t h e  Fede ra l  Av ia t ion  R e g u l a t i o n s .  Design 1 i m i  t s  , l o a d  f a c t o r s ,  
and c o n d i t i o n s  b.ave been e s t a b l i s h e d  i n  accordance  w i t h  t h e  
r equ i r emen t s  of  t h e  FAA, " T e n t a t i v e  A i r w o r t h i n e s s  S t a n d a r d s  f o r  
V e r t i c r a f  t / ~ o w e r e d  L i f t  T r a n s p o r t  Category  A i r c r a f t  - P a r t  XX,"  
d a t e d  August 1970. I n  t h e  a r e a s  where t h i s  document f a i l s  t o  
p r o v i d e  adequa te  dcf  i n i t i o n ,  t h e  a p p l i c a b l e  r equ i r emen t s  of t h e  
Fede ra l  A v i a t i o n  R e g u l a t i o n s  f o r  r o t o r c r a f  t and a i r p l a n  2 s  were 
used a s  a  gu ide .  I n  t h e  a r e a s  n o t  covered  bv anV o f  t h e  
r e g u l a t i o n s  and/or  where e x c e p t i o n s  have been c u s t o m a r i l v  g r a n t e d ,  
B e l l  d e s i g n  p r a c t i c e  f o r  h e l i c o p t e r s  h a s  been used .  The b a s i c  
d e s i g n  c r i t e r i a  and d e s i g n  ~ a r a m e t e r s  f o r  t h e  Model 300 a r e  g iven  
i n  Table  1 1 1 - V .  
TABLE 1 1 1 - V .  BASIC DESIGN CRITERIA 
Normal Gross Weight 
STOL Gross  Weight 
Des iq  Landing Weight 
Empty Weight 
Design Opera t ing  Speed, EAS 
H e l i c o p t e r  
Conversion 
A i r p l a n e  (Speed vs A l t ,  Fig 111-15) 
Land i n g  Gear Down 
F lap  and F laperon  
Design L i m i t  Speed,  EAS 
H e l i c o p t e r  
Conversion 
A i r p l a n e  (Speed vs A l t ,  F i g  111-15 
Landing Gear Down 
F l a p  and F lape ron  
120 k t  
140-170 k t  
260 k t  
120 k t  
See F i g u r e  ITJ-12 
156 k t  
189 k t  
300 k t  
1 3 3  k t  
See F i g u r e  111-12 
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Table I l l - V .  Concluded 
/ Propro to r  Maximum Operat ing  Tip Speed and RPM 
Hel icop te r  
Conver s i on  
A i r  p l  ane 
I Limit Load Facto. s a t  Gross Weight 12400 l b  15000 l b  
He l icop te r  
Conversion 
Ai rp lane  
( Transmission ~ e s i g n  Power 
He l icop te r  
Airplane 
Conversion 
S ing l e  Engine 
C. PROPROTOR 
The 25-foot-diameter p ropro to r  which has  been f a b r i c a t e d  and 
succe s s fu l l y  t e s t e d ,  i s  designed t o  f l igh t -wor thy  s tandards  
and i s  app rop r i a t e ly  s i z e d  f o r  u s e  on t h e  Model 300 d r c r a f t .  
Aerodynamic des ign parameters  have been s e l e c t e d  f o r  e f f i c i e n t  
c r u i s e  i n  t h e  200- t o  300-knot speed range. The same r equ i r e -  
ments f o r  r e l i a b i l i t y ,  s e r v i c e  l i f e  and maintenance as an  
ope ra t i ona l  h e l i c o p t e r  were m e t  i n  t h e  d e t a i l  d e s i  of t h i s  
proprotor .  The p rop ro to r  b l ades  mnd hub are desc r  f bed below. 
1. Blades (300-010-001) 
The blades  use  type 17-7PH s t a i n l e s s  s t e e l  a s  t he  b a s i c  b lade  
ma te r i a l  a s  a r e s u l t  of a des ign  study i n  which t h e  r e l a t i v e  
m e r i t s  of aluminum, t i t an ium and s eve ra l  types of s t a i n l e s s  
s t e e l  were considered.  Resu l t s  i n d i c a t e  a s u b s t a n t i a l  weight 
savings f o r  both s t e e l  and t i t an ium compared with aluminum"b1ade 
des igns .  The 17-7PH s t e e l  b lade  provided t h e  d e s i r e d  n a t u r a l  
f r equenc ies  and s t r e n g t h  f o r  minimum weighi.  
Thickness, t a p e r ,  t w i s t  and camber d i s t r i b u t i o n s  were s e l e c t e d  
t o  meet t h e  varying s t r u c t u r a l  and aerodynamic requirements  f o r  
h e l i c o p t e r  and a i r p l a n e  f l i g h t .  NACA 6 4 - s e r i e s  a i r f o i l s  a r e  
used w i th  a 64-208 a t  t h e  t i p  and a 64-935 a t  the t h e o r e t i c a l  
r o o t  (b lade  S t a t i o n  0 ) .  The t h i c k  blade r o o t  s e c t i o n  i s  r equ i r ed  
t o  provide adequate b lade  s t r e n g t h  when t h e  b lade  i s  a t  high 
p i t c h  i n  a i r p l a n e  f l i g h t  where to rque  and inplane-gust  Loading 
cause  high bending moments about t h e  a i r f o i l  chord l i n e .  
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The b a s i c  chord of tne blade i s  14 inches .  Chord, t w i s t ,  l i f t  
c o e f f i c i e n t  and th ickness  d i s t r i b u t i o n s  a r e  shown i n  Figure 111-1. 
Blade s t i f f n e s s  and mass d i s t r i b u t i o n  a r e  shown i n  Figure  111-2. 
The hub c o n s i s t s  of a t i tanium yoke with t h r e e  sp ind les  and a 
universal  j o i n t  assembly t h a t  i s  sp l ined  t o  the  mast. A 
nonro ta t ing ,  e las tomet r ic  hub-moment spr ing i s  a t tached t o  the 
yoke through a bearing.  The lower end of the hub-moment spring 
i s  a t t ached  t o  t t l e  t ransmission case .  
The un iversa l  j o i n t  assembly c o n s i s t s  of a  s t e e l  c ro s s  with 
bear ings  mounted i n  aluminum pi l low blocks on two opposing 
sp ind les  and a s t e e l  fork  with bear ings  on t he  other  two 
spindles .  These f o , ~ r  o l l e r  bear ings  a r e  no t  provided with 
inner  r aces ,  bu; r o l l  on the  case-hardened journals  of the  s t e e l  
c ro s s  member. A common o i l  r e s e r v o i r  i s  c r ea t ed  by o i l  passages 
d r i l l e d  wi thin  t he  c ros s  member. O i l - l eve l  s i g h t  gages a r e  in-  
s t a l l e d  on t he  pi l low block housings. The bear ing housings 
con ta in  t h r u s t  bearings t o  ca r ry  t he  proprotor H-forces, and 
s e a l s  t o  r e t a i n  the o i l .  
The inboard and outboard pitch-change r o l l e r  bear ings  assemble 
i n  t h e  b l ade ' s  i n t e g r a l  r oo t  f i t t i n g .  The i nne r  race of these  
bear ings  assemble on t he  sp ind les  of t h e  yoke. A s t a i n l e s s  
s t e e l  l i n e r  i s  bonded t o  t h e  sp ind le  t o  preveat f r e t t i n g  between 
the  i nne r  race  and the t i t an ium sp ind le .  The pitch-change 
bear ings  a r e  o i l  l ub r i ca t ed  from a r e se rvo i r  loca ted  i n  the 
p i t ch  horn. 
The t h r e e  wire-wound b lade- re ten t ion  s t r a p s  have an i n t e g r a l  
s t e e l  TL+ting which s e a t s  a t  the  inboard end of each sp ind le  of 
the  yoke. The outboard f i t t i n g ,  of t he  r e t e n t i o n  s t r a p ,  i s  
a t t ached  t o  t he  blade by a s t e e l  b o l t  through t h e  blade roo t  
f i t t i n g ,  spar and doublers.  
D. DRIVE SYSTEM (309-960-904) 
The d r ive  system c o n s i s t s  of a  main t ransmiss ion ass=mhly a t  each 
wingt ip ,  a  system of d r i v e  sha f t i ng  through the wings connecting 
t he  two main t ransmiss ions ,  and a cen t e r  gearbox mounted i n s i d e  
t h e  fuselage.  The PT6C-40(VX) engine a t t a c h e s  d i r e c t l y  t o  the  
transmission pylon case .  Each t ransmiss ion i s  a t t ache3  t o  a 
s t e e l  spitidle which i s  supported by t h e  two outboard wing r i b s .  
Hydraulically-powered and mechanically-interconnected b a l l  screw 
a c t u a t o r s  suppor t ,  power, and con t ro l  t h e  conversion OF the pylon 
assembly about the transmission-spindle a x i s .  I n  t h e  a i rp l ane  
mode, the ac tua to r s  d r i v e  the pylon i n t o  a down s t o p  supported 
by t h e  t i p  r i b  and f r o n t  spar .  
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I n  normal. o p e r a t i o n ,  each  t r a n s m i s s i o n  d e l i v e r s  power t o  i t s  
p r o p r o t o r  from i t s  own engine .  The i n t e r c o n n e c t i n g  s h a f t s  i n  
t h e  wings o p e r a t e  un loaded ,  excep t  d u r i n g  maneuvers,  s i n g l e -  
e n g i n e  o p e r a t i o n ,  o r  asymmetr ica l  Loading c o n d i t i o n s ,  where t h e  
i n t e r c o n i ~ e c t  d r i v e  s h a f t  d i s t r i b u t e s  power a s  r e q u i r e d .  
Design power f o r  t h e  t r a n s m i s s i o n  i s  shown i n  Table  111-V and i s  
based  on t h e  same & s i g n  to rque  f n r  each  mode of f l i g h t  w i t h  both 
e n g i n e s  o p e r a t i n g .  To permi t  t h e  u s e  of maximum power f rom t h e  
remaining e n g i n e  i n  t h e  even t  of a n  e n g i n e  f a i l u r e ,  t h e  engine  
o u t p u t  s h a f t i n g  and he r r ingbone  g e a r  s t a g e  a r e  des igned  f o r  t h e  
maximum e n g i n e  o u t p u t  power of 1150  horsepower.  The d e s i g n  power 
and t o r q u e  a r e  m u l t i p l i e d  by s e v e r a l  f a c t o r s  t o  a r r i v e  a t  l i m i t  
and  u l t i m a t e  t o r q u e s  f o r  t h e  v a r i o u s  s t a g e s .  A d i s t r i b u t i o n  
f a c t o r  of 1 .10  i s  a p p l i e d  t o  o b t a i n  t h e  maximum s t e a d y  power t o  
a l l o w  f o r  an uneven d i s t r i b u t i o n  o f  popTer between t h e  p r o p r o t o r s .  
A L i m i t  t o r q u e  f a c t o r  of 1 .67  i s  used f o r  t h o s e  d r i v e  t r a i n  com- 
ponents  t h a t  could  be  s u b j e c t e d  t o  l o a d s  caused  by asymmetr ica l  
g u s t ,  o t h e r w i s e  a  l i m i t  t o r q u e  f a c t o r  of 1.25 i s  used.  U l t i m a t e  ! 
t o r q u e  i s  1 . 5  times l i m i t  t o r q u e .  I 
The main t r a n s m i s s i o n  assembly s u p p o r t s  a l l  pylon components. The 
s t r u c t u r a l  p a r t s  of t h e  assembly c o n s i s t  of  a  sp i ; ld le ,  pylon c a s e ,  
i n t e r m e d i a t e  c a s e ,  and a  t o p  (mas t )  c a s e .  The  eng ine  and pylon 
- .  
cowl ings  a r c  a l s o  suppor t ed  by t h e  t r a n s m i s s l c n .  
Power i s  t r a n s m i t t e d  f rom t h e  eng ine  by a n  a d a p t e r  s h a f t  which 
p i c k s  up t h e  female  s p i i n e  of t h e  PT6C-40(VX) power t u r b i n e  
s h a f t ,  t h e n  through a  combinat ion power and to rquemete r  s h a f +  
which i s  s p l i n e d  t o  e. he r r ingbone  p in ion .  The he r r ingbone  s t a g e  
of  r e d u c t i o n  g e a r s  t r a n s m i t s  t h e  power t h rough  a  one-way c l u t c h  
t o  t h e  two p l a n e t a r y  r e d u c t i o n  u n i t s .  Power i s  s u s , ~ l i e d  t o  t h e  
r o t o r  mas ts  by t h e  p l a n e t  c a r r i e r  of t h e  u p p e r  p l a n e t a r y  s t a g e .  
The i n t e r c o n n e c t  power t r a i n ,  l i n k e d  t o  t h e  main p r o p r o t o r  
d r i v e  s i d e  of t h e  one-way c l u t c h ,  c o n s i s t s  of n spu r  g e a r  s e t ,  
a n  i n t e r m e d i a t e  s h a f t  (w i th  to rquemeter  s h a f t ) ,  and a  s p i r a l  
b e v e l  g e a r  se t .  
The a c c e s s o r y  g e a r s  provided  f o r :  
- Hydrau l i c  pump 
- Transmiss ion  o i l  pump 
- Constanr: speed  d r i v e  f o r  a n  AC g e n e r a t o r  
- NII gove rnor  
The c e n t e r  gearbox ,  w i th  s p l a s h  l u b r i c a t e d  beve l  g e a r s ,  i s  
mounted on t h e  rear s p a r  of t h e  wing a t  t h e  c e n t e r l i n e  of t h e  
f u s e l a g e .  T h i s  gearbox accommodates t h e  change i n  i n t e r c o n n e c t  








The Model 300 i s  powered by t h e  P r a t t  and Whitney P1'6C-40(V~) 
f r e e  t u r b i n c  t u r b o s h a f t  engine .  I t  i s  a v e r s i o n  of t h e  PT6h-41 
t u r b o s h a f t  engine  whlch i s  scheduled f o r  c e r t i f i c a t i o n  i n  May 
1072. The turboprop gearbox i s  removed and t h e  l u b r i c a t i o n  
system modif ied f o r  v e r t i c a l  o p e r a t i o n .  The PT6A-41 engine  i s  
an advanced v e r s i o n  of t h e  W6A-20 tu rboprop  engine  widely used 
i n  e r e c u t i v e ,  t h i r d - l e v e l  a i r l i n e  and u t i l i t y  turboprop a i r c r a f t .  
The PT6C-40;VX) i s  a  d i r e c t - d r i v e  e n g i r e  w i t h  a n  ou tpu t  speed of 
30,000 rpm. The engine  h a s  t akeof f  and 30-minute r a t i n g s  of 
1150 horsepower and a P-ximum con t inuous  power of 995 horsepower.  
The engine  i s  r i g i d l y  mounted t o  the t r a n s m i s s i o n  c a s e .  Engine 
to rque  i s  measured on t h e  t r a n s m i s s i o n - i n p u t  s h a f t  u t i l i z i n g  t h e  
two-gear phase-displacement  t echn ique .  
2 .  Induc t ion  System (303-960-003) 
The engine  induc t ion  system i s  des igned t o  g i v e  maximum t o t a l  
p r e s s u r e  a t  t h e  engine  i n l e t  s c r e e n .  t o  provide  a n t i - i c i n g ,  and 
t o  p r o t e c t  t h e  engine  from d u s t  and sand i n g e s t i o n .  A i r  e n t e r s  
through t h e  n a c e l l e  i n l e t  and d i f f u s e r  d u c t ,  A 90-degree t u r n  
i n t o  t h e  engine plenum Frov ides  an  e f f e c t i v e  i n t e r n a l  p a r t i c l e  
s e p a r a t o r  t o  remove d u s t  and sand. 
Mois ture  and d e b r i s  then  go through a by-pass duct  and c ~ t  through 
an i n ~ e ~ z t o r .  P a r t  of  t h e  a i r  i n  t h e  by-pass duct  makes a 90-degree 
I 
t u r n  and s p i l l s  o u t  i n t o  a plenum, where i t  i s  drawn a c r o s s  t h e  
e n % l n e  and t r a n s m i s s i o r  o i l  c o o l e r s  by a blower.  The exhaust  a i r  
from t h e  blower i s  t h e  p0we.r source  f o r  t h e  e j e c t o r  which e m i t s  
i 
t h e  contaminated a i r  remaining i n  t h e  by-pass  d u c t .  The oper~ lng 
between t h e  by-pass duc t  and plenum i s  o n l y  p a r t i a l l y  covered by 
a sc reen .  During i c i n g  c o n d i t i o n s ,  when t h i s  s c r e e n  i c e s  o v e r ,  
t h e  e f f i c i e n c y  of t h e  s e p a r a t o r  
3 .  051 System 
The engine  i s  s u p p l i e d  wi th  o i l  from a 2 .3-ga l lon  t a n k  t h a t  i s  
an i n t e g r a l  ? a r t  of t h e  compressor i n l e t  c a s e  on t h e  engine .  
O i l  f l ows  from t h e  t ank  t o  t h e  a c c e s s o r y  r e d u c t i o n  g e a r s ,  eng ine  
b e a r i n g s  and f i l t e r .  Scavenge o i l  i s  d i r e c t e d  through t h e  o i l  
c o o l e r  l o c a t e d  behind ( a i r p l a n e  mode) o r  below ( h e l i c o p t e r  mode) 
t h e  accesso ry  g e a r  c a s e .  The o i l  c o o l e r  i s  equipped w i t h  a 
t h e r m o s t a t i c a l l y  r e g u l a t e d  bypass  t o  p reven t  h igh  su rge  p r e s s u r e s  
du r ing  s tar ts  under c o l d  weather  c o n d i t i o n s .  Air. f o r  t h e  c o o l e r s  
i s  provided by a  mechanica l ly  d r i v e n  blower.  A s h a f t  from t h e  
accesso ry  d r i v e  pad on t h e  engine  p r o v i d e s  power f o r  t h e  blower. 
The o i l  l e a v e s  t h e  c o o l e r s  and i s  r e t u r n e d  t o  t h e  t ank  forming 
a  ' ' co ld  tank" system. The t a n k  i s  ven ted  overboard.  Cont inuous  
i n d i c a t i o n  of system o p e r a t i o n  i s  provide2  by o i l  t empera tu re  
and p r e s s u r e  i n s t r u m e n t s  i n  t h e  c o c k p i t .  Warning l i g h t s  a r e  
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a l s o  provided t o  i n d i c a t e  l o v  o i l  p r e s s u r e  and h igh  o i l  tempera- 
t u r e .  
4. Fue l  System 
Fuel  i s  suppl ied  by two s e p a r a t e  systems,  one f o r  each engine. 
Each system i s  composed of two c e l l s  i n t e r c o n n e c t e c  t o  form a  
s i n g l e  tank i n  each winj .  The t o t a l  f u e l  c a p a c i t y  i s  1600 pounds. 
The c e l l s  a r e  c o n s t r u c t e d  of a  f l e x i b l e  r i p - r e s i s t a n t  m a t e r i a l .  
Continuous suppor t  f o r  each c e l l  i s  provided by t h e  s t r u c t u r a l  
honeycomb p a n e l s  of t h e  wing. Grav i ty  r e f u e l i n g  i s  accomplished 
through f i l l e r  c a p s  i n  each of t h e  outboard c e l l s .  One f u e l -  
b o o s t e r  pump i s  provided a t  each inboard  c e l l .  
Engine f u e l  p a s s e s  from t h e  boos te r  pump d i scharge  through a  
check v a l v e ,  f u e l  f i l t e r ,  f i r e w a l l  shutoff  and convers ion  swivel  
f i t t i n g  befo-e e n t e r i n g  t n e  f u e l  c o n t r o l .  A p r e s s u r e  gage i n  
t h e  cockp i t  ind- ica tes  t h e  d i scharge  p r e s s u r e  of t h e  boos te r  
pump. An i n t e r c o n n e c t  between t h e  two d i sc5arge  l i n e s  permi ts  
one pump t o  supply both eng ines  2f a  pump f a i l s .  Opening t h e  
tank interconne.ct  va lve  w i l l  a l low i n t e r - t a n k  g r a v i t y  t r a n s f e r  
of f u e l  t o  t h e  o p e r a t i v e  pump. 
F. AIRFRAME 
Wing (300-960-007) 
The f ol lcwing s p e c i f i c  o b j e c t i v e s  were e s t a b l i s h e d  f o r  t h e  wing 
des ign .  
- Place  t h e  e l a s t i c  a x i s  f a r  forward t o  minimfze t h e  
t o r s i o n a l  d e f l e c t i o n s  resul t j .ng from coupl-ed proprotor /  
pylon/wing motions. 
- Provide h igh  t o r s i o n a l  s t i f f n e s s  without  undue weight 
pena l ty .  
- Provide t h e  maximum p o s s i b l e  f l a p  and f  laperon a r e a ,  
and des ign  them t o  d e f l e c t  t o  a  l a r g e  a n g l e ,  i n  o rde r  
t o  minimize tLe p r o j e c t e d  wing a r e a ,  and hence t h e  
a i r c r a f t  download, dur ing  hover.  
- Provide a n  unobs t ruc ted  passageway t o  r o u t e  c o n t r o l s ,  
h y d r a u l i c ,  e l e c t r i c a l  and f u e l  l i n e s ,  and t r ansmiss ion  
and convers ion  a c t u s t i o n  i n t e r c o n n e c t  s h a f t s .  
- Provide f u e l  space .  
These o b j e c t i v e s  a r e  accomplished by a  forward l o c a t i o n  of t h e  
s t r u c t u r a l  box and sweeping t h e  wi-ng forward 6.5 degrees  t o  
o b t a i n  t h e  d e s i r e d  r e l a  t i  onship between t h e  wing c e n t e r  of 
p r e s s u r e  and t h e  convers ion  a x i s .  Fue l  c e l l s  a r e  l o c a t e d  
i n s i d e  t h e  s t r u c t u r a l  box; t h e  c o n t r o l s ,  l i n e s  and t r ansmiss ion  
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i n t e r c o n n e c t  s h a f t  a r e  l ;cated a f t  of t h e  r e a r  spa r .  The con- 
v e r s i o n  a c t u a t ~ r  i n t e r c o n n e c t  s h a f t  i s  l o c a t e d  i n  t h e  l e a d i n g  
edge.  
A l i g h t w e i g h t ,  t o r s i o n a l l y - e f f i c i e n t  s t r u c t u r e  i s  ob ta ined  by 
u s i n g  sandwich c o n s t r u c t i o n  f o r  t h e  s k i n s  of t h e  s t r u c t u r a l  box. 
A l l  of t h e  s k i n  i s  e f f e c t i v e  i n  both  bending and t o r s i o n ,  whereas 
wi th  a  s k i n - s t r i n g e r  combinat ion ,  t h e  s k i n s  may be i n  a  buckled 
s t a t e  under l o a d ,  and t h e  s t r i n g e r s  p rov ide  no t o r s i ~ n a l  s t i f f -  
n e s s .  
A s i g n i f i c a n t  f a c t o r  i n  o b t a i n i n g  h igh  t o r s i o n a l  r i g i d i t y  i s  the 
h i g h  wing- th ickness  r a t i o  which p r o v i d e s  a l m g e  wing-box c r o s s -  
s e c t i o n a l  a r e a .  Since r h e  r i g i d i t y  v a r i e s  wi th  t h e  squa re  of t h e  
a r e a ,  h i g h  t o r s i o n a l  s t i f f n e s s  r e s u l t s .  The h i g h  t h i c k n e s s  r a t i o  
a l s o  c o n t r i b u t e s  t o  t h e  bending s t i f f n e s s  and p e r m i t s  a  minimum 
weight s t r u c t u r e .  
The f r o n t  s p a r  web and c a p s  i s  a  s i -ngle  e x t n s i o n .  The r e a r  
s p a r  web i s  a sandwich p a n e l  i n  t h e  o u t e r  wing and i s  removable,  
i n  s e c t i o n s ,  f o r  a c c e s s  t o  t h e  f u e l  c e l l s .  I n  t h e  c e n t e r  s e c t i o n ,  
t h e  r e a r  web and s t i f f e n e r s  a r e  i n t e g r a l l y  machined. The out -  
board two r i b s  of t h e  wing suppor t  t h e  pylon conver s ion  s p i n d l e  
and t h e  c o n v e r s i o n - a c t u a t o r  s p i n d l e .  The pylon down s t o p  f i t t i n g  
i s  a t t a c t ~ e d  t o  t h e  f r o n t  s p a r  and t i p  r i b .  I n t e r m e d i a t e  r i b s  form 
bulkheads f o r  t h e  e x t r e m i t i e s  of t h e  f u e l  c e l l s  and r e d i s t r i b u t e  
t h e  l o a d s  from t h e  f l a p e r o n  and f l a p  h inge  r i b s .  
- 1he iet;Llcg-cdgc s t r c c t n r e  c o n s i s t s  of an o u t e r  s k i n  bonded t o  a 
beaded i n n e r  s k i n .  I t  i s  removable f o r  a c c e s s  t o  t h e  conver s i s r .  
i n t e r c o n n e c t  s h a f t  . Shor t  s e c t i o n s  a r e  provided a t  t h e  bea r ing  
hanger s  t o  make imspec t i . 3 1 1  e a s i e r .  
E I  and G J  d i s t r i b u t i o n  and pane l -po in t  we igh t s  f o r  t h e  wing are 
shown i n  F igure  111-3. 
2 .  Fuselage  (300-960-008) 
The f u s e l a g e  i s  a nonpressu r i zed ,  semi-monocoque s t r u c t u r e  of 
2024 and 7075 aluminum a l l o y .  Four main longerons  a r e  l o c a t e d  
above and below t h e  c u t o u t s  r e q u i r e d  f o r  t h e  doors ,  windows, 
and t h e  l a n d i n g  g e a r .  S t r i n g e r s  and f rames  break up t h e  s k i n  
pznels t o  t h e  r e q u i r e d  s i z e .  Major bulkheads a r e  provided  f o r  
t h e  e j e c t i o n  s e a t  r a i l s ,  a t  each  s i d e  of t h e  e n t r a n c e  door ,  a t  
t h e  f r o n t  and r e a r  wing s p a r s ,  a t  bo th  ends  of t h e  l a n d i n g  g e a r  
bay ,  and f o r  a t tachment  of t h e  h o r i z o n t a l  s t a b i l i z e r  s p a r s .  
Long i tud ina l  beams are l c c a t e d  under  t h e  c a b i n  and c o c k p i t  f l o o r  
a t  BL 7.75, each  s i d e  of BL 0 .  They extend forward  t o  FS 131  and 
suppor t  t h e  nose gea r .  C o n t r o l s  a r e  r o u t e d  between t h e s e  beams. 
The c a b i n  e x t e n d s  between t h e  c a n t e d  bulkheads  a t  S t a t i o n s  219.8 
and 347. The i n s i d e  c r o s s - s e c t i o n a l  dimensions a r e  60 i n c h e s  
wide, 127 i n c h e s  l o n g ,  :.nd 60 i n c h e s  h igh  (54 i n c h e s  under t h e  
wing). The e n t r a n c e  door opening, l o c a t e d  a t  t h e  forward r i g h t  
s i d e ,  i s  2 8  inches  wide and 52 i n c h e s  high.  Emergency e x i t s  a r e  
provided on each s i d e  of the  c o c k p i t  acd i n  t h e  cab in  on t h e  
l e f t  s i d e  between S t a t i o n s  315 and 347 .  The f l o o r  i s  aluminum 
honeycomb sandwich w i t h  a  r i g i d i z e d  upper su r face .  
E I  and G J  d i s t r i b u t i o n  and panel  p o i n t  weights  f ~ r  t h e  f u s e l a g e  
a r e  shown i n  F igure  111-4. 
The empennage $ s  macie up of a  h o r i z o n t a l  s t a b i l i z e r  wi th  two 
v e r t i c a l  s t a b i l i z e r s  l o c a t e d  a t  i t s  outboard t i p s ,  forming an  
H - t a i l  c o n f i g u r a t i o n .  
The s t r u c t u r a l  box of t h e  h o r i z o n t a l  ~ t a b i l i z e r  i s  a  s i n g l e - c e l l  
c o n f i g u r a t i o n  c o n s i s t i n g  of two s p a r s  and s k i n s .  The two s p a r s  
a t t a c h  t o  bulkheads provided i n  t h e  f u s e l a g e  and t o  t h e  v e ~ t i c a l  
s t a b i l i z e r  a t  each t i p .  Bulkheads a r e  provided a t  e l e v a t o r  'hinge 
p o i n t s  and a t  t h e  i n t e r s e c t i o n  of t h e  v e r t i c a l  s t a b i l i z e r s .  R ibs  
and chordwise s t i f f e n e r s  a r e  provided t o  break up t h e  s k i n  panel .  
Two s p a r s  of t h e  v e r t i c a l  f i n s  a t t a c h  t o  t h e  s p a r s  of t h e  hor izon-  
t a l .  s t a b i l i z e r .  3ulkheads a r e  provided a t  rudder  h inge  p o i n t s  
and a t  i n t e r s e c t i o n  w i t h  t h e  h o r i z o n t a l  s t a b i l i z e r .  R i b s  and 
chord-wi s e  s t i f f e n e r s ,  t o  break up t h e  s k i n  pane l ,  ace  l o c a t e d  
between t h e  two s p a r s .  
E I  and G J  f o r  t h e  v e r t i c a l  and h o r i z o n t a l  s t a b i l i z e r s  a r e  shown 
i n  F i - g ~ r e s  111-5 end 111-6. 
4. Landing Gear 
A fuselage-mounted main g e a r  was chosen because of t h e  1, .gh-wing 
c o n f i g u r a t i o n .  The g e a r  r e t r a c t s  i n t o  t h e  s i d e s  of t h e  f u s e l a g e .  
F lush  doors  a r e  proviaed between t h e  bulkheads a t  S t a t i o n s  347 
and 410. The g e a r  geometry was developed t o  permit t h e  g e a r  t o  
c l e a r  t h e  lower longerons when i t  r e t r a c t s .  A dual-wheel nose 
g e a r  r e t r a c t s  i n t o  t h e  compartment between S t a t i o n s  131  and 169. 
The shock-absorpt ion system i s  a conventional .  a i r - o i l  o leo .  
G. AIRCRAFT SYSTEMS 
1. Conversion System 
The convers ion  system prov ides  c o n t r o l l e d  r o t a t i o n .  of t h e  pro-  
pu l s ion  pod from t h e  v e r t i c a l  t o  t h e  h o r i z o n t a l  p o s i t i o n  and 
r e t u r n .  Xt can s a f e l y  r e s t r a i n  t h e  pylon i n  e i t h e r  extreme,  o r  
i n  any i n t e r m e d i a t e  p o s i t i o n .  Thc system a l s o  s e r v e s  as  a r e f e r -  
ence f o r  t h e  c o l l e c t i v e  c o n t r o l  system by providing a phasing 
con t ro . l ' no t ion  a s  a  func t ion  of f l i g h t  regime. The conversion 
actu*or h o l d s  t h e  pylon a g a i n s t  t h e  down s t o p  on t h e  f r o n t  s p a r  
i n  a>rp lane  mode. 
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Conversion i s  c o n t r o l l e d  by a swi tch  on the  c y c l i c - s t i c k  g r i p .  
'orward movement of t h e  swi tch  r o t a t e s  t h e  pylons  forward from 
h e l i c o p t e r  t o  a i r p i a n e  f l i g h t  p o s i t i o n ,  and rearward  swi t ch  move- 
ment r e t u r n s  them t o  t h e  h e l i c o p t e r  p o s i t i o n .  The conver s ion  of 
t h e  pylons may be s topped o r  r e v e r s e d  a t  any p o s i t i o n .  The normal 
conver s ion  t ime i s  approxima - e l y  e l e v e n  seconds. 
Should one conver s ion  a c t u a t o r  f a i l  t o  f u n c t i o n  due t o  h y d r h u l i c  
o r  e l e c t r i c a l  f a i l u r e s ,  t h a t  u n i t  i s  d r i v e n  by t h e  a c t u a t o r  motor 
on t h e  o p p o s i t e  w i n g t i p  through t h e  mechanical  i n t e r c o n n e c t  s h a f t .  
I n  t h e  even t  of a  complete  dc power f a i l u r e ,  a  mechanical  backup 
system, ope ra ted  by p u l l i n g  the  emergency reconver s ion  T-handle 
l o c a t e d  i n  t h e  c o c k p i t ,  p o s i t i o n s  t h e  h y d r a u l i c  v a l v e s  t o  cause  
t h e  a c t u a t o r s  t o  move t h e  py lons  t o  t h e  h e l i c o p t e r  p o s i t i o n .  
The major components of t h e  conver s ion  system i n c l u d e  t h e  double- 
e x t e n s i o n  b a l l - s c r e w  a c t u a t o r s  w i t h  h y d r a u l i c  motors  and e l e c t r i -  
c a l l y  powered servo-va lve  package,  t h e  i n t e r c o n n e c t  s h a f t i n g ,  and 
a con t ro l -phas ing  g e a r  bax l o c a t e d  on t h e  forward s i d e  of t h e  
f r o n t  s p a r  nea r  t h e  c e n t e r  of t h e  f u s e l a g e .  The h y d r a u l i c  motors  
t h a t  power t h e  conver s ion  a c t u a t o r s  a r e  c o n t r o l l e d  by a  s e r i e s  
of v a l v e s ,  packaged i n  a  s i n g l e  u n i t  on each  a c t u a t o r ,  t h a t  c o n t r o l  
t h e  rate and d i r e c t i o n  of f l o w  t o  t h e  motors .  The d i r e c t i o n a l  
v a l v e  i s  c o n t r o l l e d  by p i l o t - a c t i v a t e d  b i d i r e c t i o n a l  s o l e n o i d s .  
The rate of f low i s  c o n t r o l l e d  by a  b i d i r e c t i o n a l  s o l e n o i d  t h a t  
r e c e i v e s  s i g n a l s  from t h e  phas ing  a c t u a t o r .  T h i s  s i g n a l  i n d i c a t e s  
t h e  a n g u l a r  p o s i t i o n  of t h e  p r o p u l s i o n  pod and reduces  f low a t  
each  extreme of t h e  conver s ion  and p r o v i d e s  f u l l  f low dur ing  t h e  
conver s ion  c y c l e .  A d u a l  a c t i v a t e d  conver s ion  brake  assembly 
i s  i n c o r p o r a t e d  i n  t h e  a c t u a t o r  gearbox which h o l d s  t h e  pylon i n  
p o s i t i o n  when h y d r a u l i c  power i s  o f f .  
The con t ro l -phas ing  gearbox p r o v i d e s  a l i x a r  ~ . ? t p u t ,  p r o p o r t i o n a l  
t o  t h e  pylon a n g l e ,  t h a t  phases  t h e  c o l l e c t i v e  and d i f f e r e n t i a l  
c o l l e c t i v e  c o n t r o l s  du r ing  convers ion .  T h i s  u n i t  a l s o  p r o v i d e s  
p r o t e c t i o n  from c o n v e r t i n g  t o  a i r c r a f t  mode whi l e  on t h e  ground. 
Asymmetry d e t e c t i o n  i s  provided  by a s i g n a l  p icked  up from 
synchronous motors  a t  each main conver s ion  s p i n d l e .  T h i s  s i g n a l  
s p l i t s  t h e  n e e d l e s  on t h e  pylon convers ion-angle  i n d i c a t o r  i n  
t h e  c o c k p i t ,  i l l u m i n a t e s  t h e  mas te r  cau t ion  L l g h t ,  and s t o p s  f low 
through t h e  c o n t r o l  v a l v e  of t h e  pylon a c t u a t o r s .  
2 .  Hydraul ic  System 
The h y d r s u l i c  system i s  a MIL-H-5440 Type I1 (-6S0F t o  +27S°F) 
system u t i l i z i n g  MIL-H-5606 f l u i d  a t  a n  o p e r a t i n g  p r e s s u r e  of 
3000 p s i .  I t  h a s  two independent  t r ansmiss ion-d r iven  h y d r a u l i c  
pumps. S ince  t h e  pumps are d r i v e n  by t h e  t r a n s m i s s i o n ,  t h e y  
o p e r a t e  whenever t h e  p r o p r o t o r s  a r e  t u r n i n g ,  and t h e y  are 
independent  of engine  power, 
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The pr imary  h y d r a u l i c  sys tem,  connected t o  one s i d e  of  t h e  d u a l  
f l i g h t - c o n t r o l  a c t u a t o r s ,  i s  powered by t h e  h y d r a u l i c  pump i n  
t h e  l e f t  py lon .  The u t i l i t y  system i s  powered by t h e  pump i n  
t h e  r i g h t  py lon .  A f t e r  r e t r a c t  i o n ,  t h e  l a n d i n g - g e a r  p o r t  i on  of 
t h e  u t i l i t y  system is  s e p a r a t e d  f rom t h e  f l i g h t - c o n t r o l  p o r t i o n  
by an i s o l a t i o n  v a l v e .  The system powered by t h e  r i g h t  t r a n s -  
m i s s i o n  pump, i s o l a t e d  f rom any u t i l i t y  f u n c t i o n ,  t hen  becomes 
a  second pr imary  system f o r  one s i d e  of t h e  d u a l  f l i g h t - c o n t r o l  
a c t u a t o r s .  D u a l - c o n c e n t r i c  s e r v o  v a l v e  s p o o l s  a r e  p rov ided  f o r  
each  v a l v e  body. A s e p a r a t e  v a l v e  i s  p r o v i d e d  f o r  each  h a l f  o f  
t h e  tandem c y l i n d e r s .  R e f e r  t o  F i g u r e  111-13. Dual o r  s i n g l e  
power i s  p rov ided  t o  t h e  h y d r a u l i c a l l y -  o p e r a t e d  components a s  
shown below : 
Pr imary  
( L e f t  Pump) 
U t i l i t y  
(R igh t  Pump) Func t ion  
x x C y c l i c  
x x C o l l e c t i v e  
x x F l ape ron  ( a i l e r o n )  
x x F l a p e r o n  ( f l a p )  and F l a p s  
x x P r o p r o t o r  Governor 
X X SCAS 
x Convers ion A c t u a t o r  L e f t  
3 .  E l e c t r i c a l  System 
Convers ion A c t u a t o r  R i g h t  
P r o p r o t o r  Trim 
Landing Gear  
The e l e c t r i c a l  sys tem c o n s i s t s  of two 200-ampere, 2 8 - v o l t  dc  
s t a r t e r  g e n e r a t o r s ,  and two 13-ampere-hour b a t t e r i e s ,  p r o v i d i n g  
pr imary  d c  power. Two 250-va,  115/200-vol t ,  s i n g l e - p h a s e  400- 
H e r t z  a c  i n v e r t e r s  p r o v i d e  t h e  a c  power. Tho e s s e n t i a l  d c  
b u s s e s  a r e  connec ted  i n  p a r a l l e l  t h rough  a b u s - t i e  r e l a y .  Each 
200-ampere s t a r t e r  g e n e r a t o r  s u p p l i e s  power t o  one  of t h e  
essent ia l  d c  bus se s .  Each essential  a c  b u s  h a s  a 250-va i n v e r t e r  
w i t h  i t s  e s s e n t i a l  a c  bus .  There  a r e  two e s s e n t i a l  a c  and d c  
b u s s e s ,  and one n o n e s s e n t i e l  d c  bus .  
The e l e c t r i c a l  system i s  d e s i g n e d  t o  p r o v i d e  comple te  b u a l  ac 
and d c  power s o u r c e s .  These s o u r c e s  and t h e i r  e s s e n t i a l  and 
n o n e s s e n t i a l  b u s s e s  are d e s i g n e d  f o r  comple te  i s o l a t i o n  of t h e  
s o u r c e s  and  t h e . i r  b u s s e s  i n  t h e  e v e n t  of any  f a i l u r e .  
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AIRCRAFT - CONTROLS 
1. Propro to r  C o n t r o l s  (300-960-002) 
P r o p r o t o r  c o n t r o l s  c o n s i s t  of a  r i s e - a n d - f a l l  c o l l e c t i v e  head 
assembly above t h e  p r o p r o t o r  and a  monocyclic ( f o r e  and a£ t )  
swashpla te  below t h e  p ropro t  o r .  A schematic  of p r o p r o t o r  c o n t r o l  
geometry i s  shown i n  F i g u r e  111-14. 
The c o l l e c t i v e  head i s  a t t a c h e d  t o  t h e  p r o p r o t o r  mast.  A non- 
r o t a t i n g  t u b e ,  ex tending  i n s i d e  t h e  mast t o  t h e  c o l l e c t i v e  boos t  
c y l i n d e r ,  g i v e s  v e r t i c a l  motion t o  t h e  r o t a t i n g  c o l l e c t i v e  head. 
A c o l l e c t i v e  l e v e r  i s  a t t a c h e d  t o  each  of t h e  t h r e e  t r u n n i o n s  of 
t h e  c o l l e c t i v e  head. A c o n t r o l  tube  ex tends  from one end of 
each c o l l e c t i v e  l e v e r  t o  a  p i t c h  horn .  A t  t h e  o t h e r  end of each 
c o l l e c t i v e  l e v e r  a  tube  goes  t o  t h e  r o t a t i n g  swashplate .  
The r o t a t i n g  swashpla te  ( o u t e r )  is  d r i v e n  by t h e  lower r i n g  of 
t h e  p r o p r o t o r  sp inne r .  The n o n r o t a t i n g  swashpla te  i s  a t t a c h e d  
t o  t h e  t o p  c a s e  of t h e  t r a n s m i s s i o n  and i s  f r e e  t o  t i l t  about  
only  one a x i s .  The c y c l i c  c y l i n d e r  i s  a t t a c h e d  t o  t h e  non- 
r o t a t i n g  swashpla te  (300-960-003). 
C o l l e c t i v e  c o n t r o l  i n p u t s ,  which i n c r e a s e  or  dec rease  t h e  p i t c h  
of a l l  b l a d e s  a t  t h e  same t ime,  a r e  in t roduced  by means of a  
tandem h y d r a u l i c  c y l i n d e r  which i s  a t t a c h e d  t o  t h e  t r a n s m i s s i o n  
c a s e  below t h e  mast (300-960-003). The servo-va lve  l i n k a g e  of 
t h e  z o l l e c t i v e  c y l i n d e r  r e c e i v e s  i t s  i n p u t  from t h e  p i l o t  through 
a swive l  j o i n t ,  on t h e  conver s ion  a x i s ,  which connec t s  t o  t h e  
f i x e d  c o n t r o l s  i n  t h e  wing (300-960-007). The i n p u t  motion i s  
i n t r o d u c e d  a long t h e  conver s ion  a x i s  s o  t h a t  t h e  c o l l e c t i v e  
system f u n c t i o n s  i n  t h e  same way i n  both  a i r p l a n e  and h e l i c o p t z r  
modes of o p e r a t i o n ,  though w i t h  d i f f e r e n t  r anges  of c o l l e c t i v e  
p i t c h .  
The c y c l i c  c o n t r o l  c y l i n d e r  t i l t s  t h e  swashp la t e ,  which c a u s e s  
one-per-rev v a r i a t i o n s  i n  b l a d e  p i t c h .  The s e r v o  v a l v e  of t h e  
c y c l i c  c y l i n d e r  i s  a c t u a t e d  by t h e  p i l o t  through a l i n k a g e  
(300-960-003) which i s  a u t o m a t i c a l l y  phased ou t  a s  t h e  pylon  
c o n v e r t s  from v e r t i c a l  t o  h o r i z o n t a l .  T h i s  phase ou t  i s  
accomplished by having  t h e  c y c l i c  c o n t r o l s  i n  t h e  wing (300-960- 
007) impar t  r o t a t i n g  motion t o  t h e  end of t h e  c y c l i c  to rque  tube .  
Motion i s  i n t r o d u c e d  t o  t h e  se rvo  v a l v e  of t h e  c y c l i c  c y l i n d e r  
when t h e  i n p u t  t u b e  i s  v e r t i c a l  ( h e l i c o p t e r  mode), and phases  
ou t  u n t i l  no a x i a l  motion o c c u r s  when t h e  tube  t o  t h e  se rvo  v a l v e  
i s  h o r i z o n t a l  ( a i r p l a n e  mode). 
The des ign  of t h e  h y d r a u l i c  boos t  c y l i n d e r  c o n t r o l  l i n k a g e s  shown 
on (F igure  111-13) p e r m i t s  t h e  p i l o t  t o  c o n t r o l  t h e  a i r c r a f t  
manually i n  t h e  even t  of a  d u a l  h y d r a u l i c  f a i l u r e .  A mechanical  
s t o p  i s  p laced  between t h e  se rvo  l e v e r  p i v o t  p o i n t  and t h e  p i l o t  
i n p u t .  The s t o p s  r e a c t  t h e  p i l o t  i n p u t  f o r c e  which a l l o w s  him 
t o  move t h e  boos t  c y l i n d e r  p i s t o n  tube  and move t h e  c o n t r o l  system 
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l i n k a g e s  upstream of t h e  boost  c y l i n d e r  t o  c o n t r o l  t h e  swash- 
p l a t e  angle .  
2 .  F l i g h t  Contro l  
The f l i g h t - c o n t r o l  system combines t h e  b a s i c  e lements  of con- 
v e n t i o n a l  h e l i c o p t e r  and a i r p l a n e  c o n t r o l  systems. The c o c k p i t  
c o n t r o l s  f o r  t h e  p r o p r o t o r s  and c o n t r o l  s u r f a c e s  a r e  ar ranged 
so  t h a t  a s i n g l e  ~ i l o t  can  main ta in  f u l l  c o n t r o l  i n  a l l  f l i g h t  
regimes, inc lud ing  conversion.  Each of t h e  two crew s t a t i o n s  
(300-960-009) h a s  complete c o n t r o l s  f o r  p i t c h ,  r o l l ,  yaw, and 
t h r u s t  i n  a l l  modes of f l i g h t .  They c o n s i s t  of c o n t r o l  s t i c k s ,  
rudder  peda l s  w i t h  b r a k e s ,  and c o l l e c t i v e  l e v e r s ,  f o r  both t h e  
p i l o t  and c o p i l o t .  A s i n g l e  s e t  of power-management, rpm- 
s e l e c t ,  f l a p ,  and l and ing  g e a r  c o n t r o l s  i s  on t h e  c e n t e r  p e d e s t a l .  
Dual- twist  g r i p s  on t h e  c o l l e c t i v e  l e v e r s  a r e  e l e c t r i c a l l y  i n t e r -  
connected wi th  t h e  power-management c o n t r o l s  on t h e  c e n t e r  
p e d e s t a l .  
I n  h e l i c o p t e r  mode, t h e  c o n t r o l s  app ly  b lade-p i t ch  changes 
t o  produce powerful c o n t r o l  moments and f o r c e s .  Fore-and-aft  
c y c l i c  p i t c h  provides  l o n g i t u d i n a l  c o n t r o l ,  whi le  d i f f e r e n t i a l -  
c y c l i c  p i t c h  produces d i r e c t i o n a l  c o n t r o l .  C o l l e c t i v e  p i t c h  
i s  used f o r  v e r t i c a l  f l i g h t  and d i f f e r e n t i a l - c o l l e c t i v e  p i t c h  
c o n t r o l s  r o l l .  
I n  a i r p l a n e  mode, t h e  c o n t r o l s  a c t u a t e  conven t iona l  c o n t r o l  
s u r f a c e s  which provide  t h e  c o n t r o l  response c h a r a c t e r i s t i c s  of 
a convent ional  a i r p l a n e .  These c o n t r o l  s u r f a c e s  a r e  a l s o  
a c t u a t e d  i n  t h e  h e l i c o p t e r  f l i g h t  mode, bu t  they  have minimal 
e f f e c t i v e n e s s  because of t h e  low dynamic p r e s s u r e s  and h igh 
c o n t r o l  moment c a p a b i l i t y  of t h e  p ropro to r s .  
Conversion o r  reconvers ion  can  be made w i t h i n  a  wide range of 
v a r i a b l e s  such a s  a i r s p e e d ,  convers ion  a n g l e ,  and f u s e l a g e  
a t t i t u d e .  Mechanical phasing of t h e  p ropro to r  c o n t r o l  a u t h o r i t y  
minimizes t h e  need f o r  c o n t r o l  i n p u t s  dur ing  convers ion .  To 
provide  t h e  proper  c o n t r o l  a u t h o r i t y  dur ing  convers ion  ( o r  
reconvers ion) ,  some c o n t r o l s  a r e  phased o u t ,  o t h e r s  a r e  phased 
i n ,  and t h e  a u t h o r i t y  of o t h e r s  i s  a l t e r e d .  The automat ic  
changes i n  c o n t r o l s  a s  t h e  pylon i s  conver ted  from h e l i c o p t e r  
mode (95 degrees  t o  75 degrees  convers ion  a n g l e )  t o  a i r p l a n e  
mode (0 degrees  convers ion  a n g l e )  i s  shown on F i g u r e s  111-7 
t h r v ~ g h  111-11. 
3 .  S t a b i l i t y  and C o n t r o l  Augmentation System 
A s t a b i l i z a t i o n  system i s  used t o  enhance t h e  f l y i n g  q u a l i t i e s  
i n  h e l i c o p t e r ,  convers ion ,  and a i r p l a n e  modes. The t h r e e - a x i s  
s t a b i l i t y  and c o n t r o l  augmentation system (SCAS) u s e s  r a t e  g y r o s  
t o  sense p i t c h ,  r o l l ,  and yaw. An e l e c t r o n i c  box r e c e i v e s  
s i g n a l s  from t h e  r a t e  gyros  a s  w e l l  a s  s i g n a l s  from t h e  convers ion  
system and f l i g h t  c o n t r o l  system t o  d i f f e r e n t i a t e  t h e  v a r i o u s  
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f l i g h t  modes and amount of c o n t r o l  i n p u t .  T h i s  i n f o r m a t i o n  i s  
r e l a y e d  t o  t h e  SCAS u n i t s  mounted on t h e  h y d r a u l i c  c y l i n d e r s  
( F i g u r e  111-13).  The SCAS a c t u a t e s  t h e  c o n t r o l s ,  th rough s e r v o  
a c t u a t o r s  l o c a t e d  on t h e  h y d r a u l i c  c y l i n d e r s ,  i n  a d i r e c t i o n  t o  
oppose t h e  a n g u l a r  r a t e  sensed  by t h e  r a t e  gyros .  I n  h e l i c o p t e r  
mode t h e  c o l l e c t i v e  SCAS i n t r o d u c e s  d i f f e r e n t i a l  c o l l e c t i v e  
p i t c h  t o  c o n t r o l  r o l l  r a t e  and i n  a i rp l ane .  mode i t  i n t r o d u c e s  
d i f f e r e n t i a l  c o l l e c t i v e  $ i t c h  t o  c o n t r o l  yaw r a t e .  The c y c l i c  
SCAS i n t r o d u c e s  d i f f e r e n t i a l  c y c l i c  t o  c o n t r o l  yaw r a t e  i n  h e l i -  
c o p t e r  mode and c y c l i c  p i t c h  i n  a i r p l a n e  mode, t o  s e r v e  a s  a  
f l a p p i n g  c o n t r o l l e r .  Redundancy i s  provided  by d u a l  a c t u a t o r s  
- ~ h i c h  a r e  ope ra t ed  i n d i v i d u a l l y  by t h e  two h y d r a u l i c  systems. 
f 
4. P r o p r o t o r  Governor System i 
The p r o p r o t o r  governor  system i s  used  t o  s i m p l i f y  power manage- 
ment and rprn c o n t r o l  and t o  p reven t  engine-power ad jus tmen t s  
and e x t e r n a l  d i s t u r b a n c e s  from changing p r o p r o t o r  rpm. The 
system i s  a  c losed- loop  c o n t r o l  system t h a t  m a i n t a i n s  a  p i l o t -  
s e l e c t e d  p r o p r o t o r  rprn by c o n t r o l l i n g  c o l l e c t i v e  b l a d e - p i t c h  i n  
t h e  a i r p l a n e  mode. 
The p r o p r o t o r  governor  system d e t e c t s  any e r r o r  between t h e  
command rprn and t h e  a c t u a l  p r o p r o t o r  rpm. T h i s  e r r o r  s i g n a l  i s  
t 
I 
a m p l i f i e d  and i s  used t o  s i g n a l  a  h y d r a u l i c  a c t u a t o r  i n  t h e  c o l l e c -  1 
t i v e  c o n t r o l  system. With a c o n s t a n t  p r o p r o t o r  rprn s e t t i n g ,  
i n c r e a s i n g  power wi th  t h e  power management l e v e r s  w i l l  i n c r e a s e  
1 
i 
t h e  c o l l e c t i v e  b lade  p i t c h  t o  h o l d  a c o n s t a n t  rpm. T h i s  w i l l  
r e s u l t  i n  i n c r e e s e d  a i r c r a f t  v e l o c i t y  wi thou t  changing p r o p r o t o r  
rpm. Decreas ing  power w i l l  d e c r e a s e  t h e  c o l l e c t i v e  b i a d e  p i t c h  
and reduce  a i r c r a f t  v e l o c i t y .  
The pr o p r o t o r  governor  i s  a  f a i l - o p e r a t e  type  system. S u f f i c i e n t  
redundancy and moni tor ing  c i r c u i t r y  i s  inc luded  s o  t h a t  a s i n g l e  
f a i l u r e  w i l l  n o t  r e s u l t  i n  l o s s  of t h e  p r o p r o t o r  governor .  I f  a  
f a i l u r e  o c c u r s ,  a  warning l i g h t  w i l l  be i l l u m i n a t e d .  I f  a  
second f a i l u r e  o c c u r s ,  t h e  p r o p r o t o r  governor  system w i l l  a u t o -  
m a t i c a l l y  s h u t  o f f  and t h e  p i l o t  w i l l  c o n t r o l  p r o p r o t o r  rprn 
manually wi th  t h e  c o l l e c t i v e  l e v e r .  
5. Power Management 
Power management i s  s imple  and i s  des igned f o r  s t r a i g h t f o r w a r d  
c o c k p i t  procedures .  Power c o n t r o l  i s  provided by two c o n t r o l  
systems.  For  h e l i c o p t e r  f l i g h t ,  t h e  engine  power- turbine 
governors  m a i n t a i n  s e l e c t e d  p r o p r o t o r  rpm by i n c r e a s i n g  o r  
dec reas ing  power a s  manual changes a r e  made i n  c o l l e c t i v e  p i t c h .  
Xn a i r p l a n e  f l i g h t ,  t h e  p r o p r o t o r - p i t c h  governor  m a i n t a i n s  
s e l e c t e d  rprn by i n c r e a s i n g  o r  d e c r e a s i n g  c o l l e c t i v e  p i t c h  as 
manual power changes a r e  made. Thus, t h e  Model 300 may be flown 
i n  h e l i c o p t e r  mode i n  t h e  same manner as a conven t iona l  h e l i -  
c o p t e r ,  and in a i r p l a n e  mode i n  t h e  same manner a s  a  conven t iona l  
turboprop a i r p l a n e .  
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T h r o t t l e  and p r o p r o t o r  governor  rpm-se l ec t  l e v e r s  a r e  mounted 
on t h e  p e d e s t a l  (300-960-0091, conven ien t  t o  both t h e  p i l o t  and 
c o p i l o t .  The p i l o t  and c o p i l o t  c o l l e c t i v e  s t i c k s  have d u a l  
t w i s t - g r i p  t h r o t t l e s ,  and beeper  s w i t c h e s  f o r  c o n t r o l l i n g  t u r b i n e  
rpm through t h e  governor .  
Convent iona l  h e l i c o p t e r  rpm droop  compensation i s  provided  f o r  
each  eng ine .  The c o l l e c t i v e  s t i c k  i s  connec ted  th rough  t h e  
droop-compensator l i n k a g e  t o  a droop-cam on each e n g i n e .  The 
droop-cam p o s i t i o n s  t h e  l o a d - s i g n a l  s h a f t s  on t h e  eng ine  f u e l  
c o n t r o l ,  which i n  t u r n  schedu le  l i m i t e d  rpm changes  t o  compensate 
f o r  t h e  engine  droop c h a r a c t e r i s t i c s .  
Engine o u t p u t  power, f o r  bo th  h e l i c o p t e r  and  a i r p l a n e  f l i g h t ,  i s  
r e g u l a t e d  by t h e  f u e l  c o n t r o l  on each e n g i n e .  Movement of  t h e  
power-cont ro l  s h a f t  on each  e n g i n e  c o n t r o l s  f u e l  f low.  Th i s  
s h a f t  i s  p o s i t i o n e d  by t h e  t h r o t t l e  Levers .  The t h r o t t l e  i e v e r s  
a r e  c o n t r o l l e d  e l e c t r i c a l l y  by t h e  t w i s t  g r i p s  d u r i n g  h e l i c o p t e r  
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Figure 111-2. Proprotor Stiffness and Mass Distribution. 
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WING STATION - TNCHES 
Figure 111-3.  Wing S t i f f n e s s  and Panel Point  Weight. 
FUSELAGE STATION - INCHES 
FUSELAGE PANEL PCINT WEIGHT - ? G 
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Figurc 111-5. Vertical Tail  S t i f f n e s s .  
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BL - INCHES 
F i g u r e  111-6. H o r i z o n t a l  T a i l  S t i f f n e s s  
AIRPLANE MODE 
Figure 111-7. Col l ec t i ve  Pitch Versus Conversion Angle. 
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Figure 111-9. Fore and A f t  C y c l i c  P i t c h  Versus 
Conversion A n g l e  
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Figure 111-10. D i f f erent ia l  Cycl ic  Pitch Versus 
Conversion Angle. 
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EQUIVALENT A I R S P E E D  - KNOTS 
F i g u r e  111-11. D i f f e r e n t i a l  Cyclic Pitch V e r s u s  





d DWN S 
fl 10 
I i I 1 I I 
2 6 .0  INCHES LATERAI, STICK TRAVEL 
I 
L 
-. 2 3 . 8 '  - 
UP FLAPERON 
AIRPLANE TO 260 KT*' 
I I 1 I 
I I 
*DESIGN OPERATING SPEED 
I I I I 
UP +DWN 
FLAP POSITION - DEGREES 
F i g u r e  111-12. Flaperon  3eflect ion V e r s u s  Flap 
P o s i t i o n .  
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DUAL PISTONS 
INDEPENDENT 3000 P S I  
HYDRAULIC SYSTEM 
TO EACH CYLINDER 
F i g u r e  111-13. T y p i c a l  H y d r a u l i c  Boost C y l i n d e r .  
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F I X E D  CONTROL I N P U T  
DIRECTION OF TO SWASHPLATE 
ROTOR ROTATI ON (NONROTATING ) 
SWASHPLATE OUTPUT 
(ROTATING ) 
I /i s u s H p L A T E - S  h
COLLECTIVE r I 
\ 
I H I G H  P I T C H  H!3LICOPTER 
I LOW P I T C H  AIRPLANE 
LOW P I T C H  HELICOPTER 
- - 
--1 
---v - - HIGH P I T C H  AIRPLANE 
Figure 111-14. Schersztic of Proprotor  C o n t r o l  Geometry. 
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TRUE AIRSPEED - KNOTS 
F i g u r e  1 1 1 - 1 5 .  Model 300 D e s i g n  A i r s p e e d  Versus  
A l t i t u d e .  
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I V .  WEIGHT ANALYSIS 
Thc c u r r e n t  e s t i m a t e d  weight  empty of t h e  Model 300 i s  7390 
pounds. Th i s  weight  i s  a  combinat ion of  a c t u a l  w e i g h t s  of most 
p r o p r o t o r  and power t r a n s m i s s i o n  components,  c a l c u l a t e d  we igh t s  
of  wing and c o n t r o l  sys tem components,  and e s t i m a t e d  we igh t s  of  
t h e  remain ing  s t r u c t u r e ,  sys t ems ,  and equipment.  A breakdown 
o f  t h i s  weight  i n  MIL-STD-451 Group Weight S ta tement  format  i s  
p re sen ted  i n  Table  I V - I ,  and t h e  s o u r c e  of  t h e s e  group  weights 
a r e  subsequen t ly  d i s c u s s e d .  
Use fu l  l o a d  items inc luded  i n  e a c h  of t h e  t h r e e  e v a l u a t i o n  m i s -  
s i o n  g r o s s  we igh t s  are shown i n  Table  I V - 1 1 .  The payload we igh t  
i n c l u d e s  n e c e s s a r y  f l i g h t - t e s t  mon i to r ing  equipment and mis s ion  
s i m u l a t e d  we igh t .  
TABLE I V - I  . MODEL 309 GROUP WEIGHT STATEMENT 
I / P r o p r o t o r  Group 
Blade Assembly 
Hub Assembly 
S p i n n e r  
Wing Group 
T a i l  Group 
H o r i z o n t a l  
V e r t i c a l  T a i l  
Body Group 
A 1  i g h t i n g  
F l i g h t  C o n t r o l s  Group 
Cockpi t  C o n t r o l s  
P r o p r o t o r ,  N o n r o t a t i n g  
P r o p r o t o r ,  R o t a t i n g  
Fixed Wlng 
Engine S e c t i o n  
Engine Mount 




TABLE I V - I .  Concluded 
Propuls ion  Group 2265 
Engine I n s  t a l l a t i o n  
Conversion Sys tern 
A i r  Induct  ion 
Exhaust System 
Lubr ica t ion  System 
Fuel System 
Engine Cont ro l s  
S t a r t i n g  System 
Proprotor  Governor 




Instrument  Group 
Hydraul i c  and Pneumatic Group 
E l e c t r i c a l  Group 
E l e c t r o n i c s  
~ u r n i s h i n g s  anci Equipment 31 0 
Personnel Accommodations 
Miscel laneous Equipment and 
Furnishings  
Emergency Equipment 
A i r  Cond i t i o n i n g  Equipment 
WE1 GHT EMPTY, POUNDS 7390 
A. PROPROTOR CtrOUP 
-
The p ropro to r  group weight  i s  t h e  sum of a c t u a l  weights  of t h e  
p ropro to r  a s sembl ies ,  i n c l u d i n g  b l a d e s ,  hu5, s p l n n e r s ,  and asso-  
c i a t e d  l i n k e g e s  and hardware a s  shown on Bell Dravings 300-960-002, 
300-010-001, and 300-010-100. 
B. W I N G  GROUP 
Weights f o r  t h e  wing and a s s o c i a t e d  c o n t r o l  s u r f a c e s  were r a l -  
c u l a t e d  fr.orn d e t a i l  drawings of s t r u c t u r a l  components whict were 
s i z e d  by a complete stress a n a l y s i s .  The wing arrangement i s  
shown on Be l l  Drawing 300-960-007. 
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TABLE I V - I 1  . MISSION GROSS WEIGHTS 
- 
- - 
Typical  Normal 
Test We-ight Gross Weight Cross  Weight - 
Crew 400 400 400 I 
Fuel  - Usable 1600 1600 1600 i 
1 4  14 1 4  I - Trapped I 
I 
35 O i l  - Engine I 35 35 
I 
- Trapped 1 2  1 2  2 2 I 
1 
- Transmission 
and Gearbox 8 5 8 19  1 
Pay1 oad 1191  2551 5491 
-.--- 
I 
3310 5010 7610 1 
Weight Empty 7390 7390 7390 
Mission Gross Weight 10700 12400 15009 
-- 
- J 
C . TAIL GRCUP 
Weights f o r  t n e  t a i l  a s s e m b l i e s ,  shown on B e l l  Drawing 300-960-008 
were e s t ima ted  from l a y o u t s .  The u n i t   eights ob ta ined  compare 
f a v o r a b l y  w l t h  t h o s e  f o r  similar d e s i g n s  o p e r a t i n g  i n  comparable 
f l i g h c  regiines as shown i n  Table I V - 1 1 1 .  
TABLE IV-J.11. TAIL SWkk'ACE UNIT WEIGHTS 
Hor izon ta l  T a i l  V e r t i c a l  T a i l  
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D. BODY GROUP 
The f u s e l a g e  of t h e  Model 300 i s  a  nonpressur ized  semi-monocoque 
s t r u c t u r e  shown on Drawing 300-960-008. The b a s i c  f u s e l a g e  
weight was es t imated  from Bell-developed equa t ions  w i t h  p ~ n a l t i e s  
added f o r  t h e  f l o o r i n g ,  d o o r s ,  windows, and windsh ie lds .  The 
es t imated  methoa of Reference 3  was used t o  v e r i f y  t h e  f u s e l a g e  
weight .  Inasmuch a s  t h i s  method is based on a i r c r a f t  o p e r a t i n g  
i n  a  h igher  speed regime than t h e  Model 300, i t  i s  f e l t  t h a t  t h e  
r e s u l t s  w i l l  5s conse rva t ive .  
The e s t i m a t i n g  method cons ide r s  t h e  t o t a l  fuse lage  weight t o  be 
t h e  sum of t h e  b a s i c  weight r equ i red  t o  provide  minimum s k i n s ,  
s t r i n g e r s  o r  longerons ,  .ind c i r c u m f e r e n t i a l  s t i f f e n e r s  t o  res ic t  
b a s i c  f l i g h t  l-o?!s p lus  weight p e n a l t i e s  incur red  t o  suppor t  
concent ra ted  l o &  la and r e d i s t r i b u t ?  around c u t o u t s  and through 
j o i n t s .  Basic weight i s  F;, 2s def ined by t h e  express ion  
The 1.123 c o . - ~ s ~ a n t  i s based on a  minimum s k i n  of 0.040-inch 7075 
alurnirtum p l u s  0.0'8 equLvalent gage t o  account f o r  s t i f f e n e r s  
( i - e . ,  0.078 inch x C1.10 pounds/cuLic iilch x 144 square  inches /  
square  f o o t  equal  1.--23 pounds/square f o o t ) .  Because t h e  M o ? ~ l  
300 loadings  and des ign  permit use  of minimum sk in  th ickness  jf 
0.020 a luminur .  t h i s  f a c t o r  was reduced t o  (0.020 + 0.020) x 
0. L O  x 144 = O ;8. A l s o ,  beczuse t h e  weigh; of t h e  f u s e l a g e  and 
c o n t e n t s  i s  l r ; s  than 4000 poultds, t h e  f u n c t i o n  "f l '  i s  n e g l i g i b l e .  
T h e r e ~ o r e  , 
FB = 0.58 S  = 316 I b  
P e n a l t i e s  were then determined as shown i n  Table I V - I V .  
TABLE I V - I V .  FUSELAGE WEIGHT PENALTIES 
Nos? Gear Penal ty  33 
Bulkhead = 0.00025 VL NL 5  
Body Cutout = 0.4  l b / i n  x 38 i n  1 5  
Door = 2.0 l b / s q - f t  x 4 .1  s q - f t  8  
Docr Mechanism 5 
Main Gear Penal ty 196 
Bulkhead = 0.001 WL NL 21 
Body Cutout = 0.8 l b / i n  x 58 x 2 93 
Door = 2.0 l b / s a - f t  x 12.5 s q - f t  x 2  SO 
Door Mechanism 32 
- - - 
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TABLE I V - I V .  Concluded 
Canopy and Windshield Pena l ty  ( f r o n  166 
Figure  IV-1) 
Cockpit  Penal ty  116 
Bulkhead = 2 l b / s q - f t  x 25 s q - f t  
Body Cutout = 0.5  l b / i n  x 74 i n  
Floor ing  = 1.0  l t / s q - f t  x 29 s q - f t  
T a i l  Support S t r u c t u r a l  Penal ty  = 0.15 x WT 34 
Wing Attachment S t r u c t u r a l  Pena l ty  
= 0.0005 NZ W 30 
Equipment Support Pena l ty  
= 0.5 l b / c u - f t  x 20 c u - f t  10 
Cargo F loor  Pena l ty  
= 1 .9  l b / s q - f t  x 47 s q - f t  47 
Door Pena l ty  3 1 
Body Cutout = 0.4 l b / i n  x 28 i n  
Door = 2 Lb/sq-f t  x 1 0  s q - f t  
Miscel laneous 
Penal ty  = 0.1 x To ta l  of Above P e n a l t i e s  67 
Tota l  Fuselage  Penal ty  Weight = Fp, Founds 730 
? 31 Fuselage Weight = FB + Fp, Pounds 1046 
Model 300 Fuselage Weight, Pounds 1079 
Parameters and symbols used i n  t h e  above equa t ions  a r e  shown i n  
Table IV-V.  
E.  ALIGHTING GEAR GROUP 
Gear s t r u c t u r e  weight was taken from a g e a r  des ign  l a y o u t  and 
stress a n a l y s i s .  Hydraulic  system and c o n t r o l  system weights  
w e r e  e s t ima ted  from l a y o u t  drawings. R o l l i n g  g e a r  components 
and t h e i r  a s s o c i a t e d  we igh t s ,  which were taken from vendor 
c a t a l o g  d a t a ,  a r e  shown i n  Table IV-VI. 
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TABLE I V - V .  FUSELAGE PMAMETERS AND SYMBOLS 
-- 
Parameter Value for 
o r  Symbol Desc r ip t ion  Model 300 
F~ Fuselage Basic Weight 
S Fuselage Wetted Area 
f Fuselage Si ze/Weight Funct i c n  
N~ Ul t imate  F l i g h t  Load F a c t o r  
Q Weight of Fuselage and 
Contents  
L F ~ s e l a g e  Length 
h Fuselage D e ~ t h  
F~ Fuselage Penal ty  Weight 
N~ Ult imate  Lariding Load F a c t o r  
a t  4500 Pounds 
45 Windshield Area 
W~ T a i l  Group Weight 
W~ Landing Gross Weight. 
W Normal ~;-osa Weight 
- 
316 l b  
544 s q - f t  
NzgL i g i b l e  
4.75 
3483 l b  
TABLE I V - V I .  ROLLING GEAR COMPONENT DATA 
L 
Nose Gear Hain Gear 
I I tern Number S i z e  Weight I ( l b )  
I I Tire  and Tube , 
Brake 
Tot a1 i 
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A comparison of t h e  Model 300 g c a r  weight  a s  a percentage  of 
des ign  weight wi th  s i m i l a r  d a t a  f o r  c u r r e n t  g e n e r a t i o n  V/STOL 
a i r c r a f t  i s  p resen ted  i n  Tabie I V - V I I .  







Landing Gross Gear Group 
Weight ( l b )  Weight ( l b )  Percent  
F. CONTROLS GROUP 
This group inc ludes  t h e  weights  of c o c k p i t  c o n t r o l s ,  p ropro to r  
c o n t r c l s  (both  f i x e d  and r o t a t i n g ) ,  and wing and t a i l  s u r f a c e  
c o ~ t r o l s .  Also included a r e  t h e  phasing mechanisms which i n t e r -  
connect  t h e  p ropro to r  c o n t r o l s  t o  t h e  a i r p l a n e  c o n t r o l s  i n  t h e  
h e l i c o p t e r  flLb;1t mode and d i sconnec t  them i n  t h e  a i r p l a n e  mode, 
and a l l  l i n k a g e s .  A l l  wing and p ropro to r  c o n t r o l  system weights  
w e r e  c a l c u l a t e d  from d e t a i l  and i n s t a l l a t i o n  drawings,  and o t h e r  
system weights  e s t ima ted  from layou t s .  
G.  ENGIhE SECTION AND NACELLE GROUP 
This  group i n c l u d e s  t h e  f i r e w a l l s  and wingtip-mounted pylon cowl- 
ing ;  no engine mount weight i-s inc luded because each engine  b o l t s  
d i r e c t l y  t o  a main t ransmiss ion  c a s e .  
Weights f o r  t h e  f i r e w a l i s  and cowling w e r e  c a l c u l a t e d  from Je- 
t a i l e d  drawings us ing  gages determined by s t r u c t u r a l  and FAA 
s p e c i f i c a t i o n  requi rements .  Although t h e  f i r e w a l l  and cowling 
weights  of 125 and 191 pounds, r e s p e c t i v e l y ,  a r e  g r e a t e r  than  
those  of comparable s i z e  contemporary a i r c r a f t ,  t hey  r e f l e c t  t h e  
r e c e n t ,  more s t r i n g e n t  i n t e r p r e t a t i o n  of t h e  FAA requi rements  
f o r  f i r e  containment .  A lesser p o r t i o n  of t h e  weight i n c r e z s e  
i s  due t o  an i n c r e a s e  i n  access  c a p a b i l i t y  f o r  e a s s  of main- 
tenance and inspec  t i o n .  
PROPULS 13N GROUP 
1. Eneine I n s t a l l a t i o n  
The weights  of t h e  Be l l - fu rn i shed  i n p u t  s h a f t  a s sembl ies ,  which 
a r e  m ~ u n t e d  d i r e c t l y  t o  t h e  eng ines ,  heve been added t o  t h e  
343-pound we igh t s  f o r  each  of  t h e  two PT6C -:.O(VX) eng ines  and 
20 pounds of r e s i d u a l  f l u i d s  t o  make. up t h e  t o t a l  eng ine  i n s t a l -  
l a t i o n  weight .  
2 .  Conversion S y s t m  -
Thi s  group  weight  i n c l u d e s  x . . ?dor - - furn ished  w e i g h t s  of  t h e  two 
c o n v e r s i o n  a c t u a t o r s ,  t h -  hydraul-i.c power sys tems  and t h e  i n t e r -  
connec t  s h a f t i n g  which a s s u r e s  s y n c h r o n i z a t i o n  ~f  t h e  a c t u a t o r s  
and t h e r e b p  t h e  p o s i t i o n s  of t h e  pyl-ons. 
3. A i r  I n d u c t i o n  System 
Weights f o r  t h e  a i r  i n d u c t i o n  d u c t s ,  e n g i n e  i n l e t  s c r e e n s ,  and 
e j e c t o r  a s s e m b l i e s  w e r e  c a l c u l a t e d  from d e t a i l  d rawings .  A l so  
inc luded  i n  t h i s  group a r e  t h e  w e i g h t s  oE two b lowers ,  t aken  
from vendor  d a t a  on similar u n i t s .  
4. Exhaust Systzm 
The c a l c u l a t e d  we igh t s  of t h e  exhaus t  s t a c k  i n s t a l l a t i o n s  and 
t h e  exhaus t  e j e c t o r  b a f f l e s  t o t a l  11 pounds. 
5. L u b r i c a t i o n  System, Engine 
Vendor we igh t s  f o r  t h e  o i l  c o o l e r s  and v a l v e s  w e r e  added t o  
c a l c u l a t e d  w e i g h t s  o f  plumbing and d u c t i n g  d e r i v e d  from i n s t a l -  
l a t i o n  drawings  t o  g i v e  t h e  c u r r e n t  t o t a l  we igh t  of 35 pounds.  
Fue l  System 
-
The f u e l  system we igh t  w a s  e s t i m a t e d  from l a y o u t  drawings  of t h c  
f o u r  wing- loca ted  f u e l  c e l l s  and a d i s t r i b u t i o n  system s c h e m a t i c ,  
u s i n g  u n i t  w e i g h t s  and component w e i g h t s  from s i m i l a r  equipnent  
on e x i s t i n g  a i r c r a f t  . 
7. Engine C o n t r o l s  
The e n g i n e  c o n t r o l  system c m s i s t s  o f  droop-compensator and power- 
l e v e r  c o n t r o l s  f o r  e a c h  eng ine .  Weights f o r  t h e s e  components w e r e  
c a l c u l a t e d  from d e t a i l  drawings.  
8. S t a r t i n g  System 
Weights i n  t h i s  g roup  c o n s i s t  o f  vendor - fu rn i shed  weight  f o r  two 
s tar ters  ( 2 7 . 3  pounds e a c h )  and c a l c u l a t e d  we igh t s  of a s s o c i a t e d  
mounting and i n s t a l l a t i o n  components. 
9 .  P r o p r o t o r  Pi tch-Governor  C o n t r o l  
The p r o p r o t o r  p i t ch -gove rno r  i s  an e l ec t ro -hydromechan ica l  sys -  
t e m  which m a i n t s i n s  s e l e c t e d  p r o p r o t o r  rpm i n  a i r p l a n e  mode. 
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E l e c t r o n i c  equipment, a c t u a t o r s  and a s s o c i a t e d  s u p p o r t s ,  and 
l inkage  weights  were based on s i m i l a r  components used i n  e x i s t -  
ing  systems. 
10 .  Drive Svstem 
B e l l  Drawing 300-960-004 d e p i c t s  t h e  eng ine - to -p ropro to r  power 
t ransmiss ion  system. The in te rconnec t  system which p rov ides  
power t o  both p ropro to r s  from e i t h e r  eng ine ,  i n  c a s e  of  f a i l u r e  
of one of t h e  eng ines ,  i s  p resen ted  i n  Drawing 300-960-007. 
Actual  weights  of components comprise approximately 97 percent  af  
t h e  d r i v e  system weight  of 1055 pounds. 
Drive system component weights  a r e  g iven i n  Table I V - V I I I .  
TABLE I V - V I I I  DRIVE SYSTEM COFPONENT WEIGHTS 
Gearboxes 
Main Transmission (bo th )  
Weight 
( l b )  
933 
873 
Gears ,  Bearings,  S h a f t s  323 
Housings ( inc lud ing  c a s e  
ex tens ion  f o r  engine 
suppor t  and s p i n d l e  
a t tachment)  365 
Freewheeling Uni t  8 
Lube System 36 
Accessory Drives 1 2  
Spindle  and Bearings 5  8  
L i n e r s ,  Hardware and 
Miscel laneous 71 
Center  Gearhox 60 
Transmission Drive 56 




The ins t rument  group c o n s i s t s  of eng ine ,  f l i g h t  and n a v i g a t i o n  
ins t ruments ,  t r a n s m i t t e r s ,  and i n s t a l l a t i o n s  a s  shown i n  Table 
I V - I X .  Weights f o r  t h e  i n s t r m e n t s  and t r a n s m i t t e r s  w e r e  based 
on those  c u r r e n t l y  i n  use  on p r e s e n t  day h e l i c o p t e r s .  I n s t a l -  
l a t i o n  weights  a r e  assumed t o  be t h e  same except  f o r  w i r i n g ,  which 
h a s  been increased t o  compensate f o r  g r e a t e r  d i s t a n c e  between t h e  




TABLE I V - I X .  INSTRUMENT GROUP WEIGHTS 
I n d i -  Trans-  I n s t a l -  
c a t o r s  mitters l a t i o n  Total  
In s t rumen t  No. ( l b )  ( l b )  (1 b)  ( l b  




Angle of A t t ack  
V e r t i c a l  Speed 
Turn and S l i p  
A t t i t u d e  
V e r t i c a l  Gyro 
Gyro Compass 
Ou t s ide  A i r  
Temperature 
Fuel  Flow 
Transmission O i l  
P r e s s u r e  
Engine O i l  
Temper a t  u r e  
Engine O i l  P r e s s u r e  
Fue l  P r e s s u r e  
Transmrssion O i l  
Temperature 
Gas Producer  
Tachometer 
Fuel  Q u a n t i t y  
Dual Torquemeter 
T r i p l e  Tachometer 
Hydraul ic  P r e s s u r e  
Turbine I n l e t  
Temperature 
Engine Output Torque 
I n t e r c o n n e c t  Torque 
R?M Warning 
P o s i t  i o n ,  F l a p  
P o s i t i o n ,  Main Gear 
Conversion 
TOTAL 'INSTRUMENT GROUP WE1 GHT 111.2 
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J .  HYDRAULICS GROUP 
Hydrau l i c  power i s  u t i l i z e d  t o  ex t end  and r e t r a c t  t h e  l a n d i n g  
g e a r  and f l a p s ;  t o  power t h e  f l a p e r o n s  and pylon conve r s ion  
a c t u a t o r s ;  and t o  .,. ov ide  boos t  c a p a b i l i t y  i n  t h e  p r o p r o t o r  
governor  and c y c l i c  and c o l l e c t i v e  c o n t r o l  sys t ems .  The Model 
300 h a s  a  comple t e ly  d u a l  300 p s i  h y d r a u l i c  system.  Only t h e  
we igh t s  of t h e  pumps, r e s e r v o i r s ,  f i l t e r s ,  v a l v e s ,  and i n t e r -  
c o n n e c t i n g  plumbing a r e  i nc luded  i n  t h e  main sys tem we igh t .  
Weights of  components and plumbing p r o v i d i n g  power t o  a  s p e c i f i c  
system a r e  c a r r i e d  i n  t h e  weight  of t h a t  system.  
K. ELECTRICAL GROUP 
The ac-dc e l e c t r i c a l  sys tem on t h e  Model 300 i s  powered by 
s t a r t e r - g e n e r a t o r s  a t t a c h e d  t o  t h e  e n g i n e s .  Two 13-ampere- 
hour  b a t t e r i e s  are provided  t o  f u r n i s h  power f o r  t h e  s t a r t e r -  
g e n e r a t o r s .  Weights of  t h e s e  and o t h e r  major  components are 
based on vendor  d s t a .  Wir ing and hardware w e i g h t s  w e r e  es t i -  
mated from w i r i n g  diagrams and r o u t i n g  l a y o u t s .  The w e i g h t s  
of t h e  components are l i s t e d  i n  Tab le  I V - X .  
TABLE I V - X .  ELECTRICAL GROUP WEIGHTS 
Weight ( l b )  
DC System -
B a t t e r i e s  
B a t t e r y  I n s t a l l a t i o n  
Transf ormer 
Vol tage  R e g u l a t o r  
Swi t ches ,  R h e o s t a t s  and P a n e l s  
Relays  
d i r i n g  and Misce l l aneous  
Equipment Suppor t s  
AC System 
I n v e r t e r  
A m m e t e r s  and Vo l tme te r s  
Swi t ches ,  R h e o s t a t s ,  and P a n e l s  
C i r c u i t  Breakers  and Fuses  
J u n c t i o n  and D i s t r i b u t i o n  Roxes 
Relays  
Wiring and M i s c e l l a n t  ous 
L i g h t s  
TOTAL ELECTRICAL GROUP WEIGHT 
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L.  ELECTRONIC GROUP 
E l e c t r o n i c  equipment c o n s i s t s  of AN/ARC-114 VHF-FM and AN/ARC-115 
VHF r a d i o s ,  C o l l i n s  613L-2 t r a n s p o n d e r  sys tem and a  f o u r - s t a t i o n  
ICS, C-6533. Weights f o r  t h e s e  sys tems  were taken  frow e x i s t i n g  
i n s t a l l a t i o n s  used i n  c u r r e n t  a i r c r a f t .  
FURNISHINGS AND EQUIPMENT GROUP 
The f u r n i s h i n g s  and equipment group i n c l u d e s  c r e w  e j e c t i o n  s e a t s ,  
f u r n i s h i n g s ,  m i s c e l l a n e o u s  equipment ,  and emergency equipment.  
The we igh t s  shown i n  Table  IV-XI w e r e  based on s i m i l a r  zquipmcnt 
. - 
p r e s e n t i y  i n  u s e  on e x i s t i n g  a i r c r a f t .  
TABLE IV-XI . FURNISHINGS AND EQUIPMENT GROUP WEIGHTS 
Weight ( l b )  
Accornrnodations 
C r e w  S e a t s  176 
C r e w  S a f e t y  Belts 6  
C r e w  Shoulder  Harness  and I n e r t i a  6 
R e e l s  
Misce l l aneous  E a u i ~ m e n t  
Windshield  Wiper 
In s t rumen t  Pane l  
Consoles  
Fu rn i sh  lngs 
-- 
Soundproofing ( c o c k p i t )  1 5  
Emergency Equ i p e n  t 
- 
F i r s t  Aid K i t  
F i r e  De tec t ion  System 
P o r t a b l e  F i r e  E x t i n g u i s h e r  
Engine F i r e  E x t i n g u i s h e r  
TOTAL FURNISHINGS AND EQUIPMENT 31 0  
GROUP WEIGHT 
N . AIR-CONDITIONING EQUIPMENT GROUP 
The a i r - c o n a i t i o n i n g  system of t h e  Model 300 i s  used f o r  forward  
window de fogg ing  and h e a t i n g  nd c o o l i n g  o f  t h e  c o c k p i t  comparr- 
ment. The environment c o n t i  u n i t  i s  i n c l u d e d  i n  t h i s  g roup .  
WINDSHIELD OR CANOPY WEIGHT 
300 
200 




 50 f)O 
A ~ ,  TRUE AREA - WINDSHIELD OR CANOPY - F T ~  
Figure IV-1. Fuselage Weight Estimation Parameters. 
V .  PERFORMANCE 
A .  SUMMARY 
A t  10,700 pounds g r o s s  weight ,  t h e  Model 300 t i l t  p ropro to r  
a i r c r a f t  havers  ou t  of ground e f f e c t  a t  9600 f e e t  on a  s tandard  
day and 4000 f e e t  on a  9S°F day. Maximum speed a t  t h i s  weight 
i s  314 knots  a t  8 ,000 f e e t .  A t  t h e  normal g r o s s  weight ,  12,400 
pounds, out -of -ground-effec t  hover c e i l i n g  i s  4600 f e e t  on a 
s tandard  day. Making u s e  of t h e  running t akeof f  c a p a b i l i t y ,  a  
50-foot o b s t a c l e  can be c l e a r e d  i n  2750 f e e t  on a  95°F day a t  
4000 f e e t  e l e v 3 t i o n  a t  a  g r o s s  weight of 15,000 pounds. Payload 
f o r  t h i s  c o n d i t i o n  can be up t o  5491 pounds. The performance of 
t h e  Model 300 t i l t - p r o p r o t o r  a i r c r a f t  p rov ides  r e s e a r c h  capa- 
b i l i t i e s  wi th  u s e f u l  l o a d s  from 3300 t o  7600 pounds. F u l l - f u e l  
payloads range  up t o  5491 pounds. F l i g h t  endurance i n  c r u i s e  
can be up t o  2.9 hours wi th  t akeof f  a t  normal g r o s s  weight  wi th  
a  2891-pound payload. Performance i s  summarized i n  Table V - I .  
B. AIRFRAME AERODYNAMICS 
The aerodynamic c h a r a c t e r i s t i c s  of t h e  Model 300 ti1 t - p r o p r o t o r  
a i r f r a m e  has  been determined through e x t e n s i v e  t e s t s  of a  one- 
f i f t h - s c a l e  model. These t e s t s  have been conducted i n  t h e  LTV 
low-speed 7- by LO-foot tunnel  and t h e  16-Foot Transonic Dynamics 
Tunnel a t  NASA-Langley. A wide range  of Reynolds numbers (0 .8  
t o  7.8 m i l l i o n )  and Mach numbers (up t o  0.72)  have been covered 
i n  t h e s e  tests. 
Vortex g e n e r a t o r s  on t h e  wing and s e v e r a l  empennage conf igura -  
t i o n s  were t e s t e d .  The "H-tai l"  empennage was s e l e c t e d  and i s  
used i n  t h e  l i f t  and d rag  ana lyses  which fo l low.  
1. L i f t  Analys is  
-. 
L i f t  c o e f f i c i e n t  ve r sus  f u s e l a g e  ang le  of a t t a c k  i s  shown on 
Figure  V - 1  f o r  two c o n f i g u r a t i o n s .  One i s  a i r p l a n e  mode wi th  
pods f u l l  down and f l a p s  up. The o t 5 e r  i s  f o r  h e l i c o p t e r  mode 
wi th  pods v e r t i c a l  and f l a p , ~  down 40 degrzes .  Both curves  
Lnclude t h e  e l e v a t o r  l i f t  r equ i red  t o  t r i m  t h e  a i r f r a m e  moments 
t o  z e r c .  Vortex g e n e r a t o r  e f f e c t s  a r e  inc luded.  
Both t h e  LTV and Langley tests inc luded v o r t e x  g e n e r a t o r s .  I n  
t h e s e  t e s t s ,  1 9  c o u n t e r - r o t a t i n g  v o r t e x  g e n e r a t o r s  per  s i d e  were 
used. These were of t h e  fo l lowing f u l l - s c a l e  dimensions: 
Height = 1 . 5  inches  
Root Chord = 4  i n c h e s  
Tip Chord = 2 inches  
Inc idence  w a s  20 degrees  wi th  r e s p e c t  t o  a  but  t l i n e  p lane  and 
extended inboard from 1 5  inches  from t h e  wing-pod junc t ion  a t  
TABLE V - I  , PERFORMANCE SUMMARY 
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Hovering Ceil ing,  OGE 
- 
standard Day 
9 5 O ~  Day 
Takeoff Distance 4000 Feet ,  95OF Day 
Maximum Speed, NRP 
Twin Erigine, Sea Le.,o,l 
Maximum Rate of Climb a t  Qea L.eveL 
Twin Engine, NRP 
Single Engine, 30 min po. ;r 
Airplane Mode 
Maximvm Speed, 30 min power 
Al t i tude  fo r  Maximum speed 
Single Engine Maximum Speed a t  10,000 Feet 
Maximum Rate of Climb 
Twin Engine, Sea Level 
Single Engine, Sea Level 
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25 pe rcen t  chord wi th  7.5-inch spacing.  I t  i s  recognized t h a t  
t ; ~ e  tes t  v o r t e x  g e n e r a t o r s  a r e  probably t o o  l a r g e .  No a t tempt  
was made i n  t h e  wind-tunnel t e s t s  t o  opt imize  on s i z e  o r  
spacing.  
2 .  Drag Analysis  
The d rag  curves  on Figure  V-2 a r e  f o r  t h e  same c o n f i g u r a t i o n s  
a s  t h e  l i f t  cu rves  d i scussed  i n  t h e  preceding s e c t i o n .  E leva to r  
d rag  i s  added t o  account f 1 1  +rimming t h e  a i r f rame  moments to 
zero .  Both LTV and Langley te .  d a t a  a r e  used i n  t h e  d rag  
deter ininat ion.  The test r e s u l t s  i n d i c a t e  a  s l i g h t l y  h igher  
minimum drag  than shown i n  Figure V-2, but thn, minimum and 10s 
CL drag  on t h i s  f i g u r e  a r e  cons idered  a t t a i n a b l e  wi th  an opt; . .  
mlzed v o r t e x  g e n e r a t o r  c o n f i g u r a t i o n .  The a n t i c i p a t e d  improvk-- 
ment from reducing the vor tex  gen-ra tor  s i z e  and/or number i s  
hCD va lue  of about 0.003. 
The d rag  curve  from Reference 1 i s  shown on F igure  V-3 f o r  
c o m p ~ r i s o n  purposes.  The improvement a t  t h e  h igher  1 i f  t coef f  i -  
c i e n t s  i s  dce t o  t h e  v o r t e x  g e n e r a t o r s  e l i m i n a t i n g  t r a i l  ing 
edge s e p a r a t i o n .  A t  Lower l i f t  c o e f f i c i e n t s  t h e  d i f f e r e n c e  i s  
p r i m a r i l y  due t o  conse rva t ive  c o r r e c t i o n  of t h e  low Reynolds 
number LTV d a t a  t o  f u l l  s c a l e .  The Lsngley t e s t s  were made a t  
ve ry  n e a r l y  f u l l - s c a l e  Reynolds numbers. F igure  V-4 p r e s e n t s  
21) versus  Ma ,:I number f o r  va lues  from 0  t o  (7.6. Tne d rag  
r ise begins a t  0.5 Mach number and does n o t  ~ f f e c t  Model 300 
s t andard  day performcnce s i n c e  t h e  maximum a t t a i n a b l e  l e v e l  
f l i g h t  speed a t  any a l t i t u d e  does n o t  exceed 0.5.  
3 .  Proprotor  Power Required 
a .  General 
--- 
An aerodynamic d e s c r i p t i o n  of t h e  p r o p r o t o r  and a  d i s c u s s i o n  of  
a n a l y t i c a l  xethods i s  given i n  Reference 2. ' i r p l a n e  mode 
performance computations use  t h e  s t andard  a i r t o i l  d a t a  given 
i n  F igures  1V-2 through IV-5 of Reference 2. 
For h o , ~ e r i n g ,  he1 i c o p t e r  , and convers ion  perf  orrnance, modif ied 
a i r f o i l  d a t a  t a b l e s  a r e  used.  The use  of t h e s e  t a b l e s  y i e l d s  a  
c l o s e r  c o r r e l a t i o n  wi th  f u l l - s c a l e  test  r c s u l t s .  A d i s c u s s i o n  
of these  modi f i ca t ions  a r e  found i n  R e f e r e x e  2.  
b. - He1 i c o p t e r  Mode Hovering 
Power requ i red  ve r sus  t h r u s t  f o r  out -of -ground-effec t  hover  i s  
shown i n  F igure  V-5. For c a l c u l a t i o n  of hover ing  c e i l i n g s ,  
t h i s  curve  i s  en te red  a t  s t b r u s t  v a l u e  1.\ 7 t imes  g ross  weight 
t o  account f o r  p ropro to r  dawnloa4 on t h e  wmg. 
Figure  of merit cu rves  a r e  given i n  Figure  V-6 .  The i g p e r  
cu rve  i s  f o r  t h e  i s o l a t e d  proprotr l -  and t h e  lower c u r v e  inc ludes  
t h e  seven-percent  download. 
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c .  H e l i c o p t e r  - Mode - Forward F l i g h t  
Sea  l e v e l ,  s t a n d a r d  performance i n  h e l i c o p t e r  mode i s  shown i n  
F i g u r e  V--7. These d a t a  are f o r  a m f i g u r a t i o n  w i t h  a mast t i 1 . t  
a n g l e  of 75 deg rees  (15  d e g r e e s  f r m  t h e  v e r t i c a l ) ,  ELaps down 40 
d e g r e e s ,  and f l ~ p e r o n s  down 2 5  d e g r e e s .  Ro to r  downwash e f f e c t s  
on wing a n g l e  of a t t a c k  a r e  incLuded (60 p e r c e n t  of t h e  a v r a a f  
downwash v e l o c i t y  a t  t h ?  r o t o r  d i s c  was a p p l i e d  i n  t h e  deterrnl-  
n a t i o n  of wing i tngle of a t t a c k ) .  The " s ide -by - s ide"  e f f e c t  w a s  
i nc luded  by r educ ing  p r o p r o t o r  power r e q u i r e d  by an amount e ~ a ~ a l  
t o  1 5  p e r c e n t  of t h e  i s o l a t e  p r o p r o t o r  induced power f o r  each 
speed and t i ~ r u s  t . 
H e l i c o p t e r  power r e q u i r e d  i s  o b t a i n e d  th rough  t h e  use  of programs 
C81 and F35. PW.-gram C81 i s  used t o  o b t a i n  trimrmd l e v e l  f l i g h t  
d a t a  f r o v  which , r o p r o t o r  l i f t  and p r o p u l s i v e  f o r c e  are  o b t a i n e d .  
These v a l u e s  of lift an? p r o p u l s i v e  f o r c e  a r e  e n t e r e d  i n t o  F35 t o  
o b t a i n  power r e q u i r e d  d a t a .  Program C 8 1  a l s o  computes ?qwer ri:- 
q u i r e d ,  b u t  F35 i s  a more re . f i?ed  ae rod~mamic  a v a l y s i s  a s  f a r  a s  
r o t o r  performance. i s  concerne.d,  and i s ,  ' h e r e f  o r e ,  b e t t e r  s u i t e d  
t o  p r e c i s e  perforinance a n a l y s i s .  
A t y p i c a l  w ing - ro to r  l i f t - s h a r i n g  c u r v e  i s  shown on F i g u r e  V-8. 
The p r o p r o t o r s  a r e  producing t h e  m a j o r i t y  of l i f t  th roughout  t h e  
h e l i c o p t e r  speed r ange .  
d  . Conversic.- "ode -
Power r e q u i r e d  d a t a  i n  conve r s ion  mode a r e  shown i n  F i g u r e  V-3. 
M ~ s t  i l t  a n g l e s  f r o ~ i ~  0  t o  90 d e g r e e s  a r e  shown w i t h  f l a p s  down 
f o r  a l l  e x c e p t  one of t h e  z e r o  d e g r e e  mast t i l t  c a s e s .  Programs 
C81. and F.35 a r e  use? f o r  conve r s ion  mode performance a s  p r e v i -  
o u s l y  d i s c u s s e d  f o r  t h e  h e l i c o p t e r  mode. 
A i r p l a n e  Mode 
P r o n r o t o r  e f f  ic i - ,ncy c u r v e s  a r e  shown i n  F i g u r e s  V-10 through 
V-12 f o r  s e a  l e v e l ,  10 ,000  z ~ d  20,000 f e e t  f o r  a  star,!ai-d day.  
A c u r v e  i s  g iven  on each  f i g u r e  d e n o t i n g  t r imaed  l e v e l  t l i g n t  
c o n d i t i o n s  f o r  a  1 2.400-pound g r o s s  weight .  P r o p r o t o r  s h a f t  
horsepower r e q u i r e c  c u r v e s  a r e  shown i n  F i g u r e s  V-13 t h m u g h  
V-15 f o r  s t a n d a r d  d a y  conditions f o r  s e a  l e v e l ,  10,000-  and 
20 ,000- foot  a l t i t u d e s .  
4. PcwerpLatlt - Performance 
Power a v a l l a b l ~  and f u e l  f l o w  a r e  i d e n t i c a l  t o  t h a t  g i v e n  i n  Ref- 
e r e n c e  1. H e l i c o p t e r  mode power a v a i l a b l e  i s  shown on F igu re  V-16, 
and l r e l i c o p t e r  mode f u e l  f l o w  on F i g u r e  V-17. F i g u r e s  V-18 and 
V-19 shod  t a k e o f f ,  30-minute,  and maximum-continuous power a v ~ i l -  
a b l e  i n  a i r p l a n e  mode v e r s u s  a i r s p e e d  and a l t i t u d e  f o r  s t a n d a r d  
day  c o n d i t i o n s .  Fue l  f l o w  i n  a i r p l a n e  mode i s  g iven  i n  F i g u r e  
V-20. Engine i n s t a l l a t i o n  l o s s e s  are shown i n  Tablc  V - 1 1 .  
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TABLE V - I  I .  ENGINE INSTALLATI ON LOSSES 
1 
I n l e t  P r e s s u r e  Loss  
Exhaust P r e s s u r e  Loss  
I n l e t  Temperature R i s e  
Ram Reca~very Loss 
RAM 
5 . 8  i n .  920 SLS 
3.0 i n .  H20 SLS 
2.7"F 
( 1  - 7 q i n .  H 2 0  SLS 
E x t r a c  ~ e d  Horsepower Loss  1 1 . 5  h p  
Twin Engine Tran s m i s  s ion  0 .98  
E f f i c i e n c y  
S i n g l e  Engine Transinission 
E f f i c i e n c y  
5. Hover C e i l i n ~ s  
The hover  c e i l i n g s  shown i n  F igu re  V-21 a r e  c o n s t r u c t e d  by use  ?f 
t h e  g iven  power r e q u i r e d  and power a v a i l a b l e  c u r v e s .  S i n g l e -  and 
twin-engine o p e r a t i o n  i s  covered  f o r  s t a n d a r d  day and a 95°F 
day. The g r o s s  weight  f o r  o u t - o f - g r o u n d - e f f e c t  hover  is 14 ,100  
pounds a t  sea l e v e l ,  s t a n d a r d  day. 
6 .  Ra te  of Climb 
Maximum rate of  c l i m b  i n  conve r s ion  mode from h e l i c o p t e r  f l i g h t  
t o  a i r p l a n e  f l i g h t  i s  shown i n  F i g u r e  V-22 f o r  a 12,400-pound 
g r o s s  weight  a t  sea l e v e l  on a s t a n d a r d  day.  F l a p s  are down and 
t i p  speed is  7u0 feet p e r  second. 
R a t e  of  c l i m b  v e r s u s  a l t i t u d e  and g r o s s  weight  i n  a i r p l a n e  mode 
i s  shown on F i g u r e  V-23 f o r  f l a p s  up and a  c r u i s e  t i p  speed of  
600 f e e t  p e r  second. 
7. F l i g h t  Ehvelope and Maximum Speeds 
F i g u r e  V-24 shows t h e  a i r p l a n e  mode maximum speeds  v e r s u s  a l t i -  
t u d e  w i t h  maximum con t inuous  anu 30-minute power f o r  s t a n d a r d  
day  o p e r a t i o n  a t  a g r o s s  weight  of 12,400 pounds. S ing le -eng ine  
o p e r a t i o n  is a l s o  shown on t h i s  f i g u r e .  The minimum f l i g h t  speed  
i s  1 . 2  t i m e s  t h e  f l a p s - u p  s t a l l  speed.  
8.  Spec i f  ic Range 
N a u t i c a l  m i l e s  p e r  pound of  f u e l  are shown i n  F i g u r e s  V-25 through 
V-27 f o r  a i r p l a n e  c r u i s e  f l i g h t  a t  s e a  l e v e l ,  10,000- and 20,000- 
f o o t  a l t i t u d e s .  Torque and eng ine  power l i m i t s  are shown on t h e  
f i g u r e s  . 
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9. Payload Range and Endurance 
Payload versus  range  f o r  takeoff  a t  12,400 pounds i s  shown on 
F igure  V-28. Curves a r e  shown f o r  10 ,000 and 20,000-foot  c r u i s e  
a 1  t i t u d e s  , with  and wi thout  a u x i l i a r y  f u e l  . Allowances i n c l u d e  
two minutes a t  normal r a t e d  power f o r  warmup and t a k e o f f ,  c l imb t o  
c r u i s e ,  and 1 0  pe rcen t  of i n i t i a l  f u e l  f o r  r e s e r v e .  Weight f o r  
a u x i l i a r y  tankage i s  accounted f o r  a s  r e q u i r e d .  Range c r e d i t  i s  
taken f o r  cl imb t o  c r u i s e  a l t i t u d e ,  bu t  n o t  f o r  descen t .  Endur- 
ance ve r sus  a i r speed  f o r  h e l i c o p t e r  and a i r p l a n e  mode i s  shown on 
Figure  V-29 f o r  a l t i t u d e s  of s e a  l e v e l  and. 10 ,000 f e e t  i n  h e l i -  
c o p t e r  mode, and s e a  le.ve1, 10,000 and 20,000 f e e t  i n  a i r p l a n e  
mode. The same f u e l  al lowances a r e  used i n  t h e  payload-range 
computations d i scussed  above. 
10.  STOL Performance 
Takeoff d i s t a n c e  t o  c l e a r  a  50-foot  o b s t a c l e  v e r s u s  g ross  weight 
i s  shown i n  F i g u r e  V-30. These d a t a  a r e  f o r  a c c e l e r a t i o n  and 
cl imbout  w i t h  a  70-degree mast ang le  (20 degrees  from v e r t i c a l )  
a t  4000 f e e t  a l t i t u d e  on a 95°F day. Even a t  a  g r o s s  weight of 
15 ,000 pounds, t h e  50-foot  o b s t a c l e  can be  c l e a r e d  i n  2750 f e e t .  
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t HE~UCOPTER MODE FLAPS DOWN 40' 
FUSELAGE ANGIX OF ATTACK 
F i g u r e  V-1. Airframe Lift Coefficient Versus  
F u s e l a g e  Angle  of Attack. 
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+ t t  NOTES: 1. DATA FOR TRIM CONDITIONS 2. PROPROTORS OFF 3. VORTEX GENERATORS ON ti 
FUSELAGE ANGLE OF ATTACK 
F i g u r e  V-2. A i r f  rame Drag C o e f f i c i e n t  Versus 
Fuse lage  Angle of At t ack .  
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1 .  DATA FOR TRIM CONDITIONS 
2 PROPROTORS OFF 
3 .  VORTEX GENERATORS ON 
4 .  FLAPS UP 
5. AIRPLANE MODE 
.4 -6 -8 1 .O 
LIFT COEFFIGEENT 
F i g u r e  V-3. A i r f r a m e  Drag C o e f f i c i e n t  V e r s u s  
L i f t  Coefficient. 
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MACH NUMBER 
Figure V - 4 .  Drag C o e f f i c i e n t  Versus Mach Number. 
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THRUST/DENSITY RAT1 0 - POUNDS 
Figure V-5. Proprotor Hovering Power Required 
Versus Thrust. 
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Figure  V-7. Proprotor Shaf t  Horsepower Required Versus 
True A ir speed ,  H e l i c o p t e r  Mode. 
TRUE AIRSPEED - KNOTS 
Figure V-8. L i f t  Distribution Between Proprotor and 




























GROSS WIGHT = 12400 FOUNDS 
-ti 
FLAPS DOWN 40' 
FLAPEPONS DOWN 25'  I EXCEPT WHERE NOTED 
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I 40  C 0 120 16 0 200 240 280 
F i g u r e  V-9. Proprotor  7:-af t Horsepower Required Versus 
True Airspc;.:d, Convers ion Mode. 
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A1 RPL AN E MO DE 
I I I 
\ LEVEL FLIGHT CONDITION 
GROSS WEIGHT = 12400 POUNDS 
600 FT/SEC T I P  SPEED 
1 
400 600 800 1000 1200 1400 
PROPROTOR SHAFT HORSEPOWER PER PROPROTOR 
Figure  V-LO. Proprotor  Ef f ic iency  Versus Shaft  Horsepower, 
Sea Level. 
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400 600 800 1000 12G3 1400 
PkQYROTOR SHAFT HORSEPOWER PER YROPROTOR 
Figure V-11. Proprotor Efficiency Versos Shaft Horsepower, 
10,000 F e e t .  
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LEVEL FLIGHT - 
CONDITIONS 
GROSS WEIGHT = 12400 POTJNDS 
I 
STANDARD DAY 
6oc PT/SEC TIP SPEED 
PROPROTOR SHAFT HORSEPOWER PER PROPROTOR 
Figure  V-12. Proprotor  E f f i c i e n c y  Versus  S h a f t  Horsepower, 
2 0 , 0 0 0  F e e t .  
BELL 
HELICOPTER c o m m ~ v  
F i g u r e  V-13. P r o p r o t o r  S h a f t  Horsepower Required  Versus  
True A i r s p e e d ,  A i r p l a n e  Mode, Sea  L e v e l .  
BELL 
HELICOPTER c o m p r ~ v  
TRUE AIRSPEED - KNOTS 
Figure V - 1 4 .  Proprotor Shaft  Hcrsepower Required 
Versus True Airs?eed, Airplane 
Mode, 10,000 Fee t .  
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16 0 200 240 28 3 320 
TRITE AIRSPEED - KNOTS 
Figure V-15. Proprotor Shaft Horsepower Required Versus 
True Airspeed, Airplane Mode, 20,000 Feet. 
400 800 1200 1600 2000 2400 2800 
TO'I'AL PROPROTOR HORSEPOWER AVAILABLE 
Figure V-16 .  Twin- Engine Proprotor, Shaft Horsepower 
Available,  Helicopter Mode. 
Yigure  V - 1 7 .  F u e l  Flow, H e l i c o p t e r  Mode. 




Figure V-19. Proprotor Shaft Horsepower Available,  
Maximum Continuous Power. 
Q BELL HELICOPTER COMPANY 
F i g u r e  V-20. F u e l  Flow, A i r p l a n e  Mode. 
1 
OUT OF GROUND EFFECT 
7% DOWNLOAD I NCLUDED 
740 FT/SEC TIP SPEED 
. 
2000 4000 6000 8000 10000 12000 14000 
GROSS WEIGHT - POUNDS 
Figure V-21. Hover Ce i l ings .  
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GROSS WEIGHT = 12400 POUNDS 
700 FT/SEC TIP SPEED 
























Figure V-22. Rate of Climb Versus True Airspeed, 
Conversion Mode. 
Figure  V - 2 3 .  Maximum Rate of Climb, Airp lane  Mode. 
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STANDARD DAY 
FUEL = 1600 POUNDS 
120 160 20 0 240 2 80 
TRUE AIRSPEED - KNOTS 
Figure V-24. F l i g h t  Envelope and Maximum Speed, 
Airplane Mode. 
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L"120 16 0 200 
TRUE AIRSPEED - 
Figure V-25. Naut i ca l  Miles Per Pound 
Airspeed ,  Airplane Mode, 
240 280 320 
KNOTS 
of Fuel Versufi True 
Sea L e v e l .  
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12 0 160 200 240 28 0 320 
TRUE AIRSPEED - KNOTS 
Figure V-26. Naut i ca l  Miles Fer Pound o f  Fuel Versus True 
Airspeed ,  Airplane Mode, 1 0 , 0 0 0  F e z t .  
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1 GROSS WEIGHT - I I 1 I I 1 
120 160 200 240 28 0 320 
TRUE AIRSPEED - KNOTS 
F igure  V-27. N a u t i c a l  Miles Per Pound of Fuel Versus  True 
A ir speed ,  Airplane  Mode, 20,000 F e e t .  
eELL 
HELhCOPTER COMPANY 
NOTES : 1. TAKEOFF GROSS WEIGHT = 12400 
POUNDS 
2.  CREW NOT INCLUDED AS PAYLOAD 
3 .  RANGE-FREE ALLOWANCE : 
TWO-MINUTE WARM-UP AT 
N O W  RATED POWER 
(b) 10  PERCENT FUEL RESERVE 
RANGE I N  NAUTICAL MIUS 
Figure V-28. Payload Range. 
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;ROSS WEIGHT = 1 2 4 0 0  POUNDS 
;TANDARD DAY 
WEL = 1600 LB 
AIRPLANE MODE 
6 0 0  FT/SEC TIP SPEED 
FUEL ALLOWABLE INCLIJDES -- 
1. TWO M I  A N T E  WARM-UP 
AT NORMAL RATED POWER - 
2. 10 PERCENT F'L'EL RESERVE 
! I 
F i g a r e  V-29 .  Model 300 E n d u r a n c e .  
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l0KO 11000 12000 13000 14000 15000 
GROSS WEIGHT - POUNDS 
Figure V-30. Model 300 STOL Takeoff Distance. 
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VI . DYNAMICS 
During t h i s  s t u d y ,  t h e  system coupled  n a t u r a l  f r e q u e n c y ,  b l a d e  
f l a p p i n g ,  and p r o p r o t o r  s t a b i l i t y  c a l c u l a t i o n s  were updated and 
r e f i n e d .  The p r o p r o t o r  b l a d e  pas sage  f r equency  v i b r a t i o n  l e v e l s  
a t  t h e  crew s t a t i o n ,  a t  t h e  a i r c r a f t  c e n t e r  of g r a v i t y ,  and a t  
t h e  pylon c e n t e r  of g r a v i t y  were c a l c u l a t e d .  A l s o ,  t h e  r e s p o n s e  
of t h e  a i r c r a f t  t o  a tmospher ic  t u r b u l e n c e  i n  a i r p l a n e  mode was 
i n v e s t i g a t e d .  
The r e s u l t s  of t h e s e  c a l c u l a t i o n s  conf i.rm e a r l i e r  p r e d i c t i o n s  
t h a t  t h e  Model 300 h a s  ample s t a b i l i t y  marg ins ,  adequa te  c l e a r -  
a n c e  f o r  b l a d e  f l a p p i n g ,  and low v i b r a t i o n  l e v e l s .  The r e s u l t s  
of t h e  i n v e s t i g a t i o n  of t h e  r e s p o n s e  t o  a tmospher ic  t u r b u l e n c e  
i n  a i r p l a n e  mode a r e  encourag ing .  They i n d i c a t e  t h a t  ea r l ie r  
estimates of  p r o p r o t o r  VTOL r i d e  comfor t  have p robab ly  been 
p e s s i m i s t i c .  
A.  COUPLED NATURAL FR EOU EN C I  E S 
1. P r o p r o t o r  N a t u r a l  F requenc ie s  
The coupled  n a t u r a l  f r e q u e n c i e s  of t h e  Model 300 p r o p r o t o r  a r e  
shorn  i n  F i g u r e s  V I - 1  and VI-2 i n  terms o i  c o l l e c t i v e  modes and 
c y c l i c  modes, r e s p e c t i v e l y .  The c o l l e c t i v e  modes a r e  t h e  
symmetric modes of t h e  p r o p r o t o r ,  i . e . ,  p o l a r  symmetric about  
t h e  m a s t .  The c y c l i c  modes a r e  t h e  asymmetric modes. These 
r o t o r  n a t u r a l  f r equency  f a n  p l o t s  w e r e  o b t a i n e d  by c o r r e c t i n g  
c a l c u l a t e d  "fan p l o t s "  t o  r e f l e c t  t h e  n a t u r a l  f r e q u e n c i e s  
measured i n  a  n o n r o t a t i n g  shake  test  of  t h e  p r o p r o t o r  and d u r i n g  
w h i r l  tes ts  and NASA wind- tunne l  tests (ReFerence 2 ) .  
Note t h a t  s e v e r a l  modes are i n d i c a t e d  t o  be  i n  o r  n e a r  r e sonance ,  
namely the t h i r d  c o l l e c t i v e  mode and t h e  second and t h i r d  c y c l i c  
modes. These r e sonances  w e r e  c a r e f u l l y  monitored d u r i n g  t h e  
wincl-tunnel t es ts ,  b u t  were n e v e r  a  problem. Based on a n a l y s i s  
of b l a d e  l o a d s  measured d u r i n g  t h e  two wind- tunne l  t e s t s ,  i t  h a s  
been concluded t h a t  t h e  placement  o f  t h e  Model 300 p r o p r o t o r  
n a t u r a l  f r e q u e ~ c i e s  i s  s a t i s f a c t o r y .  
2.  Wing-Pylon-Fuselage N a t u r a l  F requenc ie s  
Placement of t h e  Model 300 wing-pylon- fuse lage  n a t u r a l  f r equen-  
c i e s  such  t h a t  t h e  s t r u c t u r e  h a s  low r e s p o n s e  t o  r o t o r  harmonic 
e x c i t a t i o n  and a t  t h e  same t L m e  a c h i e v e s  good dynamic s t a b i l i t y  
c h a r a c t e r i s t i c s  h a s  been a  major  d e s i g n  c o n s i d e r a t i o n .  A s  a  
r e s u l t ,  a number o f  components a r e  des igned  t o  meet s t i f f n e s s  
r equ i r emen t s .  For  example,  t h e  wing t o r s i o n a l  s t i f f n e s s  i s  60 
p e r c e n t  g r e a t e r  t h a n  t h a t  r e q u i r e d  f o r  s t r e n g t h  c o n s i d e r a t i o n s .  
A t  t h e  pylon-to-wing i n t e r f a c e ,  t h e  s t i f f n e s s  of t h e  conver -  
s l o n  s p i n d l e  and t h e  a c t u a t o r  s p i n d l e  are t a i l o r e d  t o  keep wing- 
pylon coupl-ed modes o u t  of one-per - rev  r e sonance  d u r i n g  con- 
v e r s i o n .  
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a .  A n a l y t i c a l  Method 
The Model 300 s t r u c t u r e  h a s  been modeled on t h e  NASA s t r u c t u r a l  
a n a l y s i s  (NASTRAN) , a f i n i t e  element ana lys  i s .  Severa l  com- 
p u t e r  models wi th  varying degrees  of complexi ty ,  depending on 
purpose,  have been developed. A d e t a i l e d  model of t h e  wing- 
pylon i n t e r f a c e ,  i n c l u d i n g  d e t a i l s  of t h e  pylon assembly, has  
been developed t o  s tudy  t h e  e f f e c t  of pylon component s t i f f n e s s e s  
on t h e  coupled f r e q u e n c i e s  and response .  F i g u r e  VI-3 shows t h i s  
model and i d e n t i f i e s  t h e  more s i g n i f i c a n t  components. Computer 
models of t h e  complete v e h i c l e ,  shown i n  F igure  VI-4, have been 
used t o  c a l c u l a t e  f u s e l a g e  and empennage n a t u r a l  f r equenc ies  and 
s t u ~ y  t h e  i n f l u e n c e  of t h e  wing - to- fuse . lage-  junc t i o n  s t i f f n e s s  on 
t h e  wing-pylon n a t u r a l  f r e q u e n c i e s  . 
b. Calcula ted  Frequencies and Mode Shapes 
The c a l c u l a t e d  n a t u r a l  f r equenc ies  of t h e  wing-pylon-f uselage-  
empennage system a s  a  f u n c t i o n  of pylon convers ion  ang le  a r e  
shown i n  F i g u r e s  VI-5 and -6 .  The modes a r e  separa ted  i n t o  
symmetric and asymmetric s e t s  f o r  convenience;  F igures  VI-5 and 
- 6 ,  r e s p e c t i v e l y .  
The n a t u r a l  f requency v a r i a t i o n  wi th  pylon convers ion  ang le  i s  
a r e s u l t  of t h e  s h i f t  i n  l o c a t i o n  of t h e  pylon mass a s  t h e  pylon 
i s  conver ted .  S ince  t h e  pylons comprise over  40 pe rcen t  of t h e  
empty we igh t ,  t h i s  e f f e c t  i s  v e r y  s i g n i f i c a n t .  The sudden change 
i n  t h e  n a t u r a l  f r e q u e n c i e s  ct pylon convers ion  ang le  of ze ro  
degrees  is  caused by engagement of t h e  pylon downstop. This  
downstop provides  a  d i r e c t  load  pa th  between t h e  t ransmiss ion  
c a s e  and t h e  wing r r o n t  s p a r  dur ing  a i r p l a n e  f l i g h t .  The f r e -  
quencies  of modes which invo lve  pylon p i t c h i n g  o r  yawing w i t h  
r e s p e c t  t o  t h e  wing a r e  t h e r e f  o r e  s i g n i f i c a n t l y  in£  luenced by 
whether t h e  pylon i s  on o r  o f f  t h e  downstop. ( I n  a i r p l a n e  mode, 
t h e  downstop r e a c t s  a load from t h e  convers ion  a c t u a t o r  a s s u r i n g  
p o s i t i v e  engagement of t h e  downstop.) 
The n a t u r a l  f r equenc ies  shown i n  F i g u r e s  VI-S and - 6  a r e  based 
on t h e  l a t k s t  e s t i m a t e s  of component masses and s t i f f n e s s e s .  
Severa l  modes are i n d i c a t e d  t o  be  nea r  resonance.  The most 
s i g n i f i c a n t  of t h e s e  a r e  t h e  f i r s t  symmetric wing t o r s i o n  (one- 
per- rev  resonance) ,  t h e  engine p i t c h  modes ( t h r e e - p e r - r e v  
resonance) ,  and t h e  wing asyrntcetric beam and chord modes (one- 
per- rev  resonance) .  However, t h e  exac t  Location of t h e s e  f r e -  
quencies i s  n o t  y e t  c e r t a i n .  For example, t h e  frequency of t h e  
engine  p i t c h  mode i s  h i g h l y  depender,t upon t h e  s t i f f n e s s  of t h e  
t ransmiss ion  c a s e  ex tens ion  from which t h e  engine i s  c a n t i -  
l e v e r e d ,  and t h e  engine exhaust  frame.  The c a s e  ex tens ion  i s  a n  
extremely complex s t r u c t u r e  c o n t a h i n g  g e a r s  and s h a f t i n g .  
Es t imates  of i t s  s t i f f n e s s  have a c o n s i d e r a b l e  range of uncer- 
t a i n t y .  The engine exhaust  frame i s  a welded s h e e t  meta l  
s t r u c t u r e  wi th  a  l a r g e  c u t  o u t  f o r  t h e  :xhaust p o r t .  I ts  s t i f f -  
n e s s  i s  h i g h l y  dependent on t h e  e f f e c t i v e n e s s  of s t i . f f e n e r s  
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around t h e  c u t  o u t .  Ear ly  i n  t h e  r e s e a r c h  a i r c r a f t  program, 
shake t e s t s  w i l l  be conducted wi th  t h e  engine  mounted on t h e  
t r ansmiss ion ,  and t h e  wing torque  box s t i f f n e s s  w i l l  be measured 
t o  determine a i r f r a m e  n a t u r a l  f r e q u e n c i e s  more p r e c i s e l y .  
The frequency of t h e  wing ayrnmetr ic  chord mode i s  dependent 
upon t h e  s t i f f n e s s  of t h e  wing- to- fuse lage  junc t ion .  For  t h e  
d a t a  shown i n  Figure  VI-6, t h e  l o c a l  f l e x i b i l i t y  a t  t h i s  junc- 
t i o n  has  been neg lec ted .  I n  shake t e s t s  of t h e  a e r o e l a s t i c  
model, t h e  frequency of t h e  wing asymmetric chord mode was wel l  
below one p e r  r e v  because of t h e  f l e x i b i l i t y  of  t h e  f i t t i n g s  
used t o  a t t a c h  t h e  wing s p a r  t o  t h e  f u s e l a g e  s p a r .  The f l e x -  
i b i l i t y  i n  t h i s  a r e a  i s  p r e s e n t l y  under s tudy  f o r  t h e  f u l l - s c a l e  
des ign .  Some f l e x i b i l i t y  may have t o  be designed i n  i n  o r d e r  t o  
p lace  t h e  asymmetric chord below one p e r  r ev .  
The win,g asymmetric beam mode i s  a l s o  i n d i c a t e d  t o  be i n  one-per- 
r e v  resonance i n  a i q l a n e  mode. This  resonance has  been p r e s e n t  
i n - t h e  o n e - f i f t h - s c a l e  a e r o e l a s t i c  model, bu t  has  no t  caused a  
v i b r a t i o n  problem. The resonances a t  s i x  pe r  r e v  a r e  n o t  expec- 
ted t o  be problems because of t h e  smal l  amount of e x c i t a t i o n  and 
t h e  i n h e r e n t  damping a s s o c i a t e d  w i t h  t h e  modes involved.  
3 .  Drive System Natura l  Frequencies  
Drive system n a t u r a l  f r e q u e n c i e s  were c a l c u l a t e d  usFng t h e  
a n a l y t i c a l  model shown i n  F igure  V I - 7 .  The major i n e r t i a s  and 
f l e x L b i l i t i e s  of t h e  d r i v e  system, a s  w e l l  a s  t h e  pylon c a s e  
t o r s i o n a l  f l e x i b i l i t y  and t h e  wing- t ip  mounting f l e x i b i l i t y ,  a r e  
r ep resen ted  i n  t h e  a n a l y s i s .  
The. d r i v e  system undamped n a t u r a l  f r equenc ies  and normalized 
mode shapes a r e  shown i n  F igure  VI-8. The symmetric modes a r e  
t h o s e  where t h e  rotations of t h e  l e f t -  and r ight -hand systems 
a r e  o p p o s i t e ,  e . g . ,  t h e r e  i s  no d i f f e r e n t i a l  torque .  The 
asymmetric modes a r e  those  where t h e  r i g h t -  and l e f t - h a n d  systems 
r o t a t e  i n  t h e  same d i r e c t i o n  azd t h u s  apply  t o r q u e  t o  t h e  i n t e r -  
connect s h a f t i n g .  
The p r i n c i p a l  f r equenc ies  of t o r s i o n a l  e x c i t a t i o n  a r e  t h r e e  pe r  
r e v  and s i x  per  r e v .  These n-per- rev  and 2n-per-rev to rques  
a r i s e  from o s c i l l a t o r y  a i r l o a d s .  The p r o p r o t o r ' s  f l a p p i n g  
gimbal (a Hooke's j o i n t )  causes  two-per-rev t o r q u e s ,  and some 
small  amount of one-per-rev to rque  i s  normally p r e s e n t  i n  a  
rot0.r .  These bands of  e x c i t a t i o n  a r e  noted i n  F igure  VI-8. The 
Model 300 d r i v e  system n a t u r a l  f r e q u e n c i e s  appear  t o  be reason- 
a b l y  w e l l  l o c a t e d  wi th  regard  t o  t h e s e  e x c i t a t i o n  bands. 
B. BLADE FLAPPING ENVELOPE I N  AIRPLANE MODE 
Proprotor  f l a p p i n g  e n v e l o ~ e s  f o r  s e a  Level and 20,000-feet  
d e n s i t y  a l t i t u d e  are shown i n  F igures  VI-9 and -10, r e s p e c t i v e l y .  
The s e a - l e v e l  f l a p p i n g  envelope d i f f e r s  from t h a t  shown e a r l i e r  
i n  Repor t  300-099-003 because  of con£ i g u r a t i o n  changes  s i n c e  
t h e  -003 r e p o r t  was submi t t ed .  
These enve lopes  vere de te rmined  by c a l c u l a t i n g  t h e  mast a n g l e  of 
a t t a c k  and p i t c h  r a t e  f o r  a  g ivev  f l i g h t  c o n d i t i o n  and m u l t i p l y -  
i n g  by t h e  c a l c u l a t e ?  f l a p p i n g  d e r i v a t i v e .  The s i d e s l i p  l i n e  i s  
based on f u l l - p e d a l  d i sp l acemen t  up t o  t h e  a i r s p e e d  where a  500- 
pound peda l  f o r c e  i s  r e q u i r e d .  Above t h a t  a i r s p e e d ,  t h e  rudd- r  
d e f l e c t i o n  f o r  a  300-pound peda l  f o r c e  was used .  The f l a p p i n g  
e x c u r s i o n  caused by g u s t  e n c o u n t e r s  ( a  suddcn g u s t  was assum(z.cl) 
w a s  added t o  t h e  l e v e l  f l i g h t  f l a p p i n g .  
C .  PROPROTOR STABILITY 
A h i g h  l h e l  of p rop ro to r /py lon  s t a b i l i t y  i s  ac5 ieved  by u s i n g  a 
t o r s i o n a l l y  s t i f f  wing i n  combina t ion  w i t h  a  s t i f f  pylon-  to-wing 
mounting and modest v a l u e s  of p i t c h - f l a p  c o u p l i n g  and hub 
r e s t r a i n t .  Blade motion s t a b i l i t y  i s  o b t a i n e d  by u s i n g  a  gim- 
b a l e d ,  s t i f f - i n p l a n e  p r o p r o t o r .  The lowes t  i n p l a n e  f r equency  i s  
above o p e r a t i n g  speed  which e l i m i n a t e s  mechanical  i n s t a b i l i t y  
(ground r e s o n a n c e ) .  The b l a d e  i s  mass ba l anced  s o  t h a t  p i t c h -  
f l a p  f l u t t e r  1s p rec luded .  B lade -p i t ch  a x i s  p recon ing ,  t o r s i o n -  
a l l y  s t i f f  b l a d e s ,  and a  s t i f f  c o n t r o l  system e f f e c t i v e l y  p r e v e n t  
p i t c h - l a g  i n s t a b i l i t y .  P o s i t i v e  p i t c h - f l a p  c o u p l i n g  of 0 .268 
degree /degree  (83  = -15" ) p r e v e n t s  f l a p - l a g  i n s t a b i l i t y .  
1. A n a l y t i c a l  Method 
BHC h b s  developed two a n a l y s e s  t o  p r e d i c t  p r o p r o t o r  dynamic 
s t a b i l i t y  c h a r a c t e r i s t i c s  : a l i n e a r  a n a l y s i s  and a n o n l i n e a r  
a n a l y s i s .  The l i n e a r  a n a l y s i s ,  BHC P r o p r o t o r  S t a b i l i t y  A n a l y s i s ,  
D Y N 4  (Computer Program DRAL06) i s  based on s m a l l  p e r t u r b a t i o n  
theo ry .  The n o n l i n e a r  a n a l y s i s ,  BHC P r o p r o t o r  A e r o e l a s t i c  Anal- 
y s i s ,  DYN5 (Computer Program ARAPO8) , is  based on n o n l i n e a r  open 
form t h e o r y .  A b r i e f  d e s c r i p t i o n  of e a c h  a n a l y s i s  i s  g iven  i n  
t h e  pa rag raphs  below. More comple te  d e t a i l s ,  i n c l u d i n g  e q u a t i o n s  
of  mot ion ,  a r e  c o n t a i n e d  i n  R e f e r e n c e s  4 and 5. 
- P r o p r o t o r  S t a b i l i t y  A n a l y s i s ,  D Y N 4  
Program D Y N 4  1s a  l i n e a r ,  twenty-one-degree-of-freedotn 
p r o p r o t o r  s t a b i l i t y  a n a l y s i s .  I t  can d e t e r m i n e  t h e  
p r o p r o t o r / p y l o n ,  b l a d e  motion,  and f l i g h t  mode s t a b i l i t y  
c h a r a c t e r i s t i c s  of a t i l t - r o t o r  v e h i c l e .  A t i p - p a t h -  
p l a n e  r e p r e s e n t a t i o n  i s  used f o r  t h e  p r o p r o t o r ,  and l i n -  
ear aerodynamic f u n c t i o n s  are assumed. Details such  a s  
p i t c h - a x i s  p recon ing ,  u n d e r s l  i n g i n g ,  p i t c h - f  l a p  c o u p l i n g ,  
and f l a p p i n g  r e s t r a i n t  are i n c l u d e d .  The f i r s t  i n p l a n e  
b l a d e  mode is  r e p r e s e n t e d .  Con t ro l  system f l e x i b i l i t y  
may a l s o  be s i m u l a t e d .  F ive  coupled  wing/pylon e last ic  
modes are r e p r e s e n t e d :  wing beam, c h o r d ,  and t o r s i o n ;  
and pylon p i t c h  and yaw. S i x  r i g i d - b o d y  d e g r e e s  of 
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freedom a r e  included t o  a l low s imula t ion  of f r e e - f r e e  
body cond i t ions  and t h e  a i r c r a f t  s h o r t  pcriod f l i g h t  
modes. 
I n p u t s  t o  DYN4 a r e  lumped parameters  d e s c r i b i n g  t h e  
dimensions,  i n e r t i a ,  s t i f f n e s s ,  and k inemat ics  of t h e  
a i r c r a f t  being s imula ted .  Standard a i r c r a f t  s t a b i l i t y  
d e r i v a t i v e s  a r e  used t o  s tudy  t h e  i n f l u e n c e  of t h e  prop- 
r o t o r s  and t h e  wing/pylon dynamics on t h e  s t a b i l i t y  of 
t h e  f l i g h t  modes. Outputs a r e  svstem eigenvalues  and 
e igenvec to r s .  Root l o c i  can be p l o t t e d  a u t o m a t i c a l l y .  
- Proprotor  A e r o e l a s t i c  Ana lys i s ,  DYN5 
Program DYN5 i s  a  n o n l i n e a r ,  open-form propro to r  aero-  
e l a s t i c  a n a l y s i s  t h a t  uses  t h e  same b a s i c  mathematical 
model a s  DYN4. This  program c a l c u l a t e s  p ropro to r  i o a d s ,  
v i b r a t i o n ,  and s t a b i l i t y  i n  h e l i c o p t e r ,  convers ion ,  and 
high-speed modes. A s p e c i a l  v e r s i o n  of t h e  program h a s  
been developed f o r  t h e  A i r  Force ,  Reference 5. 
The dynamic e3ba t ions  of motion w e r e  de r ived  u s i n g  t h e  
Lagrangian method. P rov i s ions  f o r  l a r g e  f l a p p i n g  and 
f e a t h e r i n g  motion a r e  included i n  DYN5.  Small ang le  
assumptions a r e  made on t h e  wing-pylon and b lade  e l a s t i c  
degrees  of freedom. The aerodynamic f u n c t i o n s  used i n  
DYN5 a r e  t h e  same a s  t h o s e  used i n  t h e  B e l l  Rotor  Per- 
formance Ana lys i s ,  F35. C 1 ;  Cd, and Cm a r e  inpu t  i n  t ab -  
u l a r  form f o r  a  180-degree range  af  angle  of a t t a c k  and 
f o r  Mach numbers up t o  0.9.  Tables f o r  d i f f e r e n t  p r o f i l e s  
may be i n p u t  t o  account f o r  d i f f e r e n c e s  i n  t h e  b lade  sec-  
t i o n  from r o o t  t o  c i p ,  the reby  p roper ly  account ing  f o r  
b lade  s t a l l  and c o m p r e s s i b i l i t y  e f f e c t s .  
DYN5 i s  programmed f o r  s o l u t i o n  by d i g i t a l  computer. A 
p r e d i c  to r -cor rec  t o r  i n t e g r a t i o n  technique  i s  used i n  t h e  
s o l u t i o n  of t h e  s imultaneous equa t ions  of motion. Jnput  
t o  t h e  program c o n s i s t s  of lumped pbrameters and t h z  
coupled normal modes of t h e  wing., pylon,  and p ropro to r .  
The output  c o n s i s t s  of  a  t i m e  h i s t o r y  of t h e  wing and 
pylon motions, and t h e  b l a d e  f l a p p i n g  and e l a s t i c  d e f l e c -  
t i o n .  Genera l ly ,  i n i t i a l  c o n d i t i o n s  a r e  inpu t  t o  minimize 
t h e  time r e q u i r e d  f o r  convergence t o  s t e a d y - s t a t e  t r i m .  
For s t a b i l i t y  i n v e s t i g a t i o n s ,  t h e  t r a n s i e n t  response  t o  
e x t e r n a l  i n p u t s  o r  t o  i n i t i a l  c o n d i t i o n s  can be c a l c u l a t e d .  
Bott ana lyses  have been shown t o  y i e l d  e x c e l l e n t  c o r r e l a t i o n  wi th  
measured p ropro to r  s t a b i l i t y  c h a r a c t e r i s t i c s .  Examples of t h e  
c o r r e l a t i o n  a r e  published i n  References 2 and 6 .  For t h i s  
s tudy ,  t h e  i i n e a r  a n a l y s i s ,  DYN4, was used e x c l u s i v e l y  s i n c e  i t s  
use  involves  much less t i m e  ( f o r  t h e  a n a l y s t  a s  w e l l  a s  t h e  com- 
p u t e r )  than t h e  n o n l i n e a r  a n a l y s i s ,  and s i n c e  i t  has  been shown 
t o  g i v e  c o n s e r v a t i v e  r e s u l t s .  
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With program DYN4, t h e  mades which a r e  symmetric adout t h e  fuse-  
l a g e  l o n g i t u d i n a l  c e n t e r l i n e  a r e  t r e a t e d  s e p a r a t e l y  from those  
asymmetric about t h e  c e n t e r l i n e .  This  assumption s i m p l i f i e s  t h e  
a n a l y s i s  somewhat s i n c e  on ly  one p ropro to r  needs t o  be repre -  
s e n t e d .  The o t h e r  p ropro to r  i s  t r e a t e d  i n  e i t h e r  a  m i r r o r  image 
( f o r  t h e  symmetric modes) o r  a r e v e r s e  m i r r o r  image ( f o r  t h e  
asymmetric modes). For  t h e  Model 300 a n a l y s i s ,  t h e  DYN4 math 
model f o r  each s e t  of modes, symmetric o r  asymmetric,  c o n s i s t s  
of t h e  fo l lowing f i f t e e n  degrees  of freedom: 
- Two r ig id-body f l a p p i n g  modes, one involving backward 
p recess ion  i n  t h e  r o t a t i n g  system, t h e  o t h e r ,  forward 
p recess ion .  
- Two blade  i n p l a n e  bending modes i n  t h e  r o t a t i n g  system, 
a fcrward w h i r l  and a  backward w h i r l  of t h e  d i s p l a c e d  
b l a d e ' s  c e n t e r  of g r a v i t y .  
- Three r ig id-body air£rame modes: plunging,  p i t c h i n g ,  and 
l o n g i t u d i n a l  t r a n s l a t i o n  i n  t i . e  symmetric c a s e ,  and r o l l ,  
yaw, and l a t e r a l  t r a n s l a t i o n  i n  t h e  asymmetric c a s e .  
- F i v e  wing-pylon e l a s t i c  degrees  of freedom: wing beamwise 
bending, chordwise bending, and t a r s i o n ;  and pylon p i t c h  
and yaw w i t h  r e s p e c t  t o  t h e  wing. 
- Three d r i v e  system degrees  of freedom: p ropro to r  r o t a t i o n ,  
powerplant power t u r b i n e  r o t a t i o n ,  and pylon r o l l  wi th  
r e s p e c t  t o  t h e  wing. 
These degrees  of freedom, which a r e  completely coupled i n  t h e  
a n a l y s i s ,  a r e  necessa ry  and s u f f i c i e n t  t o  r e p r e s e n t  t h e  coupled 
n a t u r a l  modes of t h e  Model 300 adequate ly .  With t h i s  math model, 
t h e  s h o r t  period r ig id-body f l i g h t  modes, t h e  p ropro to r  b lade  
motion s t a b i l i t y ,  and t h e  p ropro to r  pylon s t a b i l i t y  a r e  t r e a t e d  
s imultaneously.  
The i n f l u e n c e  of c o m p r e s s i b i l i t y  on t h e  a i r f r a m e  and p ropro to r  
has  been included i n  t h e  Model 300 dynamic s t a b i l i t y  a n a l y s i s .  
I d e a l l y ,  t h e  a i r f r a m e  d e r i v a t i v e s  and p ropro to r  aerodynamic 
c h a r a c t e r i s t i c s  a r e  v a r i e d  wi th  a i r s p e e d ,  t a k i n g  i n t o  account  
c o m p r e s s i b i l i t y ,  up t o  t h e  i n s t a b i l i t y  a i r s p e e d .  However, f o r  
t h e  Model 300, i n s t a b i l i t y  i s  c a l c u l a t e d  t o  occur w e l l  above d rag  
d ivergence  of both t h e  a i r f r a m e  and p ropro to r  where aerodynamic 
c h a r a c t e r i s t i c s  a r e  n o t  c l e a r l y  d e f i n a b l e .  Therefore ,  t h e  fol low- 
ing  procedure was fol lowed : t h e  a i r f rame  aerodynamic d e r i v a t i v e s  
were v a r i e d  a p p r o p r i a t e l y  f o r  a i r s p e e d s  up t o  Vl-imit. Above 
V l i m i t ,  t h e  d e r i v a t i v e  was he ld  c o n s t a n t  a t  t h e  v a l u e s  f o r  V l i m i t .  
The p ropro to r  l i f t  cu rve  s l o p e  was v a r i e d  wi th  a i r s p e e d  us ing  t h e  
method suggested i n  Reference 7 up t o  t h e  d r a g  d ive rgence  a i r -  
speed. Above d rag  d ive rgence ,  t h e  maximum possi .ble  v a l u e  of l i f t  
cu rve  s l o p e  (9 .2 / radian)  w a s  used. The p ropro to r  p r o f i l e  d rag  
was n o t  va r i ed  wi th  a i r s p e e d .  S t u d i e s  us ing  the. n o n l i n e a r  program, 
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D Y N 5 ,  show t h i s  method of accoun t ing  f o r  t h e  i n f l u e n c e  of com- 
p r e s s i b i l i t y  is  c o n s e r v a t i v c .  
2 .  S t a b i l i t y  C h a r a c t e r i s t i c s  of t h e  Coupled Modes 
The s t a b i l i t y  c h a r a c t e r i s t i c s  of t h e  coupled p rop ro to r -py lon -  
w ing- fuse l age  system can  c o n v e n i e n t l y  be d i s c u s s e d  u s i n g  r o o t  
l o c u s  p l o t s .  To i l l u s t r a t e  t h e  c o u p l i n g  between t h e  v a r i o u s  
modes of t h e  sys t em,  t h e  s t a b i l i t y  of t h e  p r o p r o t o r  uncoupled 
f l a p p i n g  modes w i l l  be d i s c u s s e d  f i r s t  and t h e n  o t h e r  modes 
added i n  a  s t e p w i s e  manner. 
F i g u r e  V I - 1 1  shows t h e  r o o t  l o c u s  of t h e  p r o p r o t o r  r i g i d - b o d y  
f l a p p i n g  modes a s  a f u n c t i o n  of a i r s p e e d .  The two modes c o r r e -  
spond t o  forward and backware p r e c e s s i o n  of t h e  p r o p r o t o r  d i s c  
i n  a r o t a t i n g  c o o r d i n a t e  system.  The f r equency  and damping 
d e c r e a s e  w i t h  a i r s p e e d  because  t h e  i n f l o w  a n g l e  i n c r e a s e s  w i t h  
a i r s p e e d .  However, even a t  t h e  maximum speed shown (600 k n o t s )  
t h e  damping of t h e  uncoupled f l a p p i n g  modcs i s  v e r y  hi-gh. 
The b l a d e  f i r s t  i n p l a n e  bending mcde i s  coupled  w i t h  r i g i d - b o d y  
f l a p p i n g  i n  F i g u r e  VI-12. The two i n p l a n e  modes r e p r e s e n t  f o r -  
ward and backward w h i r l i n g  of  t h e  c e n t e r  of g r a v i t y  of t h e  
d i s p l a c e d  b l a d e s  i n  a r o t a t i n g  c o o r d i n a t e  system. The damping 
of t h e  uncoupled i n p l a n e  modes i n c r e a s e s  w i t h  a i r s p e e d  because  
of t h e  i n c r e a s e  i n  i n f l o w  a n g l e .  However, when t h e  b l a d e  f l a p -  
p i n g  and i n p l a n e  r o o t s  become c l o s e ,  s t r o n g  c o u p l i n g  i s  e v i d e n t  
and damping of t h e  i n p l a n e  modes d e c r e a s e s .  
The wing beam and chord bending and t o r s i o n  modes a r e  added t o  
t h e  p r o p r o t o r  f l a p p i n g  and i n p l a n e  modes i n  F i g u r e  VI-13. The 
wing- root  end c o n d i t i o n  i s  t r e a t e d  a s  though i t  were c a n t i l e v e r  
mounted. Coupl ing w i t h  t h e  p r o p r o t o r  modes c a u s e s  t h e  f r equency  
and damping of t h e  wing/pylon modzs t o  f i r s t  i n c r e a s e  w i t h  a i r -  
speed and t h e n  d e c r e a s e  a t  a i r s p e e d s  above 400 k n o t s .  The wing 
beam mode becomes u n s t a b l e  a t  speeds  o v e r  500 k n o t s .  
The a i r c r a f t  r i g i d - b o d y  modes and t h e  d r i v e - s y s t e m  modes are 
added t o  t h e  p r o p r o t o r  and wing-pylon modes i n  F i g u r e s  VI-14 and 
-15. A s  no ted  earl ier ,  t h e  modes a r e  s e p a r a t e d  i n t o  symmetric 
and asymmetric sets. The S ~ O L  c -per iod and D u t c h - r o l l  modes are 
b a s i c a l l y  r i g i d - b o d y  a i r c r a f t  mot ion ,  b u t  are s t r o n g l y  coupled  
w i t h  t h e  p r o p r o t o r  and wing/pylon modes. The i n t e r c o n n e c t  and 
power t u r b i n e  modes are t h e  d r ive - sys t em modes d i s c u s s e d  e a r l i e r  
b u t  i n c l u d e  t h e  r o t o r  a . ~ d  power t u r b i n e  aerodynamic damping 
and a r e  coupled  w i t h  t h e  wing-pylon modes. The f i r s t  symmetric 
mode t o  become u n s t a b l e  i s  t h e  wing chord  bending mode, a t  a  
speed of app rox ima te ly  535 k n o t s .  The asymmetric beam mode a l s o  
becomes u n s t a b l e  st t h a t  a i r s p e e d .  \ 
3. Model 300 S t a b i l i t y  Boundaries 
S t a b i l i t y  bounda r i e s  i n  a i r p l a n e  mode were c a l c u l a t e d  as a func-  
t i o n  of  p r o p r o t o r  rpm and as a f u n c t i o n  of  a l t i t c d e .  The 
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bounda r i e s  were o b t a i n e d  by c a l c u l a t i n g  r o o t  l o c u s  p l o t s  f o r  
each  f l i g h t  c o n d i t i o n  (such a s  t h o s e  shown i n  F i g u r e s  VI-14 and 
-15)  and de t e rmin ing  t h e  a i r s p e e d s  a t  which modes become un- 
s t a b l e .  F i g u r e s  VI-16 and -17 show t h e  symmetric and asymmetric 
bounda r i e s  v e r s u s  rpm, r e s p e c t i v e l y .  F i g u r e s  V ' - 1 8  and -19 show 
t h e  bounda r i e s  v e r s u s  a l t i t u d e  f o r  t h e  symmetric and asymmetric 
modes, r e s p e c t i v e l y .  I n  each  p l o t ,  t h e  bounda r i e s  f o r  t h e  modes 
which become u n s t a b l e  are i d e n t i f i e d  . 
S t a b i l i t y  bounda r i e s  were a l s o  c a l c u l a t e d  f o r  t h e  conve r s ion  
mode c o n d i t i o n s  where t h e  l o w e s t  s t a b i l i t y  boundary i s  expec ted .  
This  o c c u r s  wnen t h e  pyFon i s  a lmos t  complc,te.ly c o n v e r t e d  b u t  
h a s  n o t  engabed t h e  pylon downstop. I n  t h i s  c o n d i t i o n ,  t h e  
f l e x i b i l i t y  of tk.e conve r s ion  a c t u a t o r  and a c t u a t o r  s p i n d l e  
r educes  t h e  e f f e c t i v e  t o r s i o n a l  s t i f f c e s s  t o  a p p r o x i m a t e l y  one- 
h a l f  of t h e  t o r s i o n a l  s t i f f n e s s  w i t h  t h e  pylon on t h e  downstop. 
C o n . ~ e r s i o n  mode s t a b i l i t y  bounda r i e s  v e r s u s  I ' t i t u : i e  f o r  t h e  
symmetric and asymmetric modes a r e  shown i n  F i g u r e s  VI-20 and 
-21 ,  r e s p e c t i v e l y .  
The a i r p l a n e  mode s t a b i l i t y  bounda r i e s  a r e  compared t o  t h e  
f l u t t e r - f r e e  r equ i r emen t  and t o  aerodynamic l L ~ , l t s  LC F i g u r e  
VI-22. The s t a b i l i t y  boundary a t  s e a  l e v e l  i s  i n  e x c e s s  of 
500 k n o t s  o v e r  t h e  f u l l  r a n g e  of rpm, and even a t  20,000 f e e t  
a l t i t u d e  t h e  boundary i s  a t  456 k n o t s  (above 12 ,000  f e c t  a l t i -  
t u d e ,  t h e  boundary i s  d e f i n e d  by r i g i d  body f l i g h t  mode i n s t a b i l -  
i t y ) .  I t  is  seen  t h a t  t h e  Model 300 s t a b i l i t y  boundary i s  
g r e a t l y  i n  e x c e s s  o f  t h e  a i r c r a f t ' s  aerodynamic l i m i t s  and of  
t h e  r e q u i r e d  f l u t t e r - f r e e  a i r s p e e d .  The bounda r i e s  f o r  conver -  
s i o n  mode a r e  a l s o  i n  e x c e s s  of  t h e  acrodynamic l i m i t s  and t h e  
f l ~ t t e r - f r e e  r equ i r emen t .  
S e n s i t i v i t y  t o  Loss  of S t i f f n e s s  -- 
The Model 300 wing t o r s i o n a l  s t i f f n e s s  i s  t h e  pr imary  s t r u c t u r a l  
f a c t o r  i n f l u e n c i n g  t h e  p r o p r o t o r  s t a b i l i t y  boundary. The d e s i g n  
v a l u e  of t o r s i o n a l  s t i f f n e s s  i s  c o n s i d e r a b l y  h i g h e r  t han  t h e  
v a l u e  needed t o  m e e t  t h e  s t a b i l i t y  margin r equ i r emen t .  This  
r e s u l t s  f rom t h e  t o r s i o n a l  s t i f f n e s s  needed t o  avo id  one-per - rzv  
r e sonance  of  t h e  wing t o r s i o n  mode. Consequent ly ,  a  l a r g e  Loss 
of  t o r s i o n a l  s t i f f n e s s  could  o c c u r  w i t h o u t  i n c u r r i n g  p r o p r o t o r  
i n s t a b i l i t y .  
F i g u r e  VI-25 shows t h e  v a r i a t i o n  i n  t h e  s t a b i l  i t y  boundary w i t h  
t o r s i o n a l  s t i f f n e s s .  A v e r y  l a r q z  r e d u c t i o n  i n  t o r s i o n a l  s t i f f -  
n e s s  cou ld  o c c u r  b e f o r e  i n s t a b i l ~ t y  occu r red  i n  t h e  f l i g h t  
enve lope .  Of c o u r s e ,  r e sonance  w i t h  one p e r  r e v  would r e s u l t ,  
bu t  t h e  p i l o t  could  select a p r o p r o t o r  rpm t o  minimize the 
r e sponse .  
RIDE COMFORT 
- 
Rotor Harmonic Induced Vibra t ion  
Cabin and crew s t a t i o n  v i b r a t i o n  a t  t h e  b lade  passsge  frequency 
was c a l c u l a t e d  us ing  t h e  NASTRAN s t r u c t u r a l  model d i scussed  i n  
s e c t i o n  V I - A .  2 and applying c a l c u l a t e d  p ropro to r  th ree -pe r - rev  
hub f o r c e s .  The hub f o r c e s  i n  h e l i c o p t e r  and convers ion  mode 
were c a l c u l a t e d  us ing  t h e  BHC Rotorcraf  t Simulat ion Ana lys i s ,  
Program C81, Reference 8 .  For  a i r p l a n e  mode, t h e  BHC p r o ~ r o t o r  
a e r o e l a s t i c  a n a l y s i s  was employed, Reference 4. Aerodynamic 
i n t e r f e r e n c e  between t h e  p ropro to r  and t h e  wing i s  included i n  
t h e  a n a l y s i s .  
The cab in  and crew s t a t i o n  v i b r a t i o n  l e v e l s  a r e  shown i n  F igures  
VI-24 and -25.  These meet t h e  MIL-A-8870(ASG) requirement .  I n  
a i r p l a n e  mode, t h e  l e v e l  is  very  low--about a t  t h e  l e v e l  ~f 
percept ion .  
The pylon c e n t e r - o f - g r a v i t y  v i b r a t i o n  l e v e l  i s  shown i n  Figure  
VI-26. These l e v e l s  a r e  w e l l  below t h e  des ign  v i b r a t i o n  l e v e l  
f o r  t h e  pylon--21 g  a t  t h r e e  pe r  r e v .  
2 .  Resgonse t o  Atmospheric Turbulence i n  Airp lane  Mode 
Ar, analytical method based on a  s t a t i s t i c a l  r e p r e s e n t s t i o n  of 
tu rbu lence  was used t o  c a l c u l a t e  t h e  Model 300 a c c e l e r a t i o n  
response  t o  atmospheric turbulence .  m i s  power s p e c t r a l  apprcach 
provides  f o r  a  r e a l i s t i c  r e p r e s e n t a t i o n  of t h e  n a t u r e  of turbu-  
l e n c e  and accounts  f o r  a i r c r a f t  response c h a r a c t e r i s t i c s  i n  a  
r a t i o n a l  manner. 
A n a l y t i c a l  Method 
The procedure adopted f o r  c a l c u l a t i . n g  t h e  response  t o  tu rbu lence  
s p e c t r a  fo l lows  Reference 9 and is  dep ic ted  i n  F igure  VI-27. 
The a i r c r a f t  i s  t r e a t e d  a s  a  p o i n t  i n s o f a r  a s  t h e  g u s t  f i e l d  is  
concerned; t h a t  i s ,  eve ry  p o i n t  on t h e  a i r c r a f t  exper iences  t h e  
same g u s t  v e l o c i t y .  This assumption does r e s u l t  i n  a t t e n u a t i o n  
of t h e  h i g h e r  frequency tu rbu lence  components but  i s  cons idered  
reasonable  s i n c e  t h e  power s p e c t r a l  d e n s i t y  i s  very  low a t  h i g h e r  
f r equenc ies .  The assumption of a  one-dimensional g u s t  f i e l d  w a s  
made t o  s i m p l i f y  t h e  c a l c u l a t i o n s  and assessment  of t h e  r e s u l t s .  
The Model 300 frequency respopse  t o  tu rbu lence  was c a l c u l a t e d  by 
modifying t h e  BHC Propro to r  S t a b i l i t y  Ana lys i s ,  Program DYN4 
( s e e  Sec t ion  V I - C  f o r  a  d e s c r i p t i o n  of DYN4). Frequency response  
t o  v e r t i c a l ,  l a t e r a l ,  and head-on s i n u s o i d a l  f i e l d s  of u n i t  mag- 
tude ,  i . e . ,  one f o o t  pe r  second, io c a l c u l a t e d  s e p a r a t e l y  f o r  each 
a i r speed  and rpm of i n t e r e s t .  C o r r e l a t i o n  of t h i s  method w i t h  
measured response  of a c a n t i l e v e r  wing p r o p r o t o r  model i s  reasnn- 
a b l y  good. F igure  VI-28 shows t h e  Model 306 frequency response  
t o  v e r t i c a l  and head-on g u s t s  st 200 kno t s .  
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The Von Karman tu rbu lence  shown i n  F igure  VI-29 w i t h  a  s c a l e  of 
1000 f e e t  was used. (The s c a l e  r e f e r s  t o  t h e  wavelength below 
which t h e r e  i s  less p r o b a b i l i t y  of encounter ing  a  g u s t  of a  
s h o r t e r  wavelength. Thus, t h e  cho ice  of s c a l e  de termines  t h e  
r e l a t i v e  d e n s i t y  of low-frequency and h i g h e r  f requency g u s t s . )  
According t o  Reference 1 0 ,  t h i s  spectrum i s  a  r e s o n a b l ?  a n a l y t i c  
r e p r e s e n t a t i o n  f o r  atmospheric tu rbu lence .  
The Model 300 response s p e c t r a l  d e n s i t y  t o  t h e  assumed tu rbu lence  
f i e l d  i s  shown i n  Figure  VI-30. When t h i s  response  spectrum i s  
compared t o  t h e  u n i t  g u s t  frequency response  (F igure  VI-281, t h e  
weighting e f f e c t  of t h e  tu rbu lence  f i e l d  i s  e v i d e n t .  Note t h a t  
t h e  h i g h e s t  response  is  a t  t h e  f requenc ies  of t h e  a i r c r a f t  r i g i d -  
body modes r a t h e r  than t h e  wing/pylon modes. This i s  due t o  t h e  
lower power s p e c t r a l  d e n s i t y  of t h e  tu rbu lence  a t  t h e  higl ler  
frequenc ies . 
To ob ta in  a  meaningful i n d i c a t i o n  of t h e  r i d e  comfort ,  t h e  mean 
square va lue  of t h e  response  spectrum, F i g u r e  VI-30, i s  ca lcu-  
l a t e d .  This r m s  a c c e l e r a t i o n  response  can be m u l t i p l i e d  by t h e  
r m s  va lue  of t h e  tu rbu lence  t o  o b t a i n  an r m s  acce ler2 . t ion  l e v e l .  
b. Model 300 Response Levels  
Figure VI-31 shows t h e  r m s  a c c e l e r a t i o n  respnnse  t o  v e r t i c a l  and 
head-on tu rbu lence  a t  t h e  crew s t a t i o n .  The response  a t  t h e  a i r -  
c r a f t  c e n t e r  of g r a v i t y  i s  shown i n  Figure  VI-32. The response  
t o  l a t e r a l  tu rbu lence  i s  shown i n  F igure  VI-33. Note t h a t  both 
t h e  v e r t i c a l  a c c e l e r a t i o n  response  (cg ) and t h e  l o n g i t u d i n a l  
a c c e l e r a t i o n  response (ugX) "re shown f o r  t h e  v e r t i c a l  and head- 
on turbulence .  
For p e r s p e c t i v e ,  a  tu rbu lence  i n t e n s i t y  v a l u e  of less  tlLan one 
foot-per-second rms is cons idered  smooth a i r ;  a  f i v e  r :wt-per-  
second rms i n t e n s i t y  i s  considered rough a i r .  I n  rough a i r  
( u =  5 f e e t  per  second),  the  r m s  a c c e l e r a t i o n  v a l u e  a t  t h e  crew 
s t a t i o n  a t  a  t r u e  a i r speed  of 260 knots  would be: 0.29g v e r t i c a l ,  
0.105g l o n g i t u d i n a l l y ,  and 0.0035g l a t e r a l l y  (based on super-  
imposing t h e  response t o  f i v e  fee t -per-second r m s  v e r t i c a l ,  head- 
on, and L a t e r a l  f i e l d s ) .  
'Lhe c o n t r i b u t i o n  of t h e  p ropro to r s  t o  t h e  response  i n  tu rbu lence  
i s  shown i n  Figure  VI-34. The i n f l u e n c e  on t h e  v e r t i c a l  response  
i s  smal l ;  apparen t ly ,  t h e  p ropro to r  damping of t h e  wing modes 
o f f s e t s  t h e  increased s h o r t  period mode response.  O f  e o u r s s ,  t h e  
proprotors  g r e a t l y  i n c r e a s e  t h e  Longitudinal  response  t o  head-on 
turbulence .  
Figure VI -35 shows t h e  c o n t r i b u t i o n  of t h e  wing/pylon e l a s t i c  
degrees  of freedom t o  t h e  response  i n  tu rbu lence .  The e l a s t i c  
modes i n c r e a s e  t h e  response  by about 1 5  pe rcen t  f o r  v e r t i c a l  
turbulence ,  and 20 percent  f o r  head-on tu rbu lence .  
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c  . Comparison wi th  Conventional A i r c r - ~ f  t 
The aerodynamic and mass p r o p e r t i e s  f o r  a  Reech 99 p r o p e l l e r -  
d r iven  commuter t r a n s p o r t  were inpu t  t o  t h e  same a n a l y s i s  used 
f o r  t h e  Model 300 response  c a l c u l a t i m s .  The a i r f r a m e  was 
assumed r i g i d  and t h e  c r u i s e  conf igura t ior i  f l i g h t  aerodynamic 
d e r i v a t i v e s  were used. The p r o p e l l e r  c o n t r i b u t i o n  was included 
i n  t h e  a i r f r a m e  aerodynamic d e r i v a t i v e s  r a t h e r  than  t r e a t e d  
s e p a r a t e l y  a s  wi th  t h e  Model 300 p r o p r o t o r .  
The c a l c u l a t e d  response  of t h e  Model 300 t o  tu rbu lence  i s  com- 
pared wi th  t h a t  f o r  t h e  Beech S9 i n  F igure  VT-36. These show 
t h e  Model 300 a t  t h e  same a i r s p e e d  t o  have a  lower response  t o  
v e r t i c a l  tu rbu lence  than - the  Beech 99. (However, t h e  Beech 99 
wing load ing  i s  43 psf compared t o  t h e  68.5 psf of t h e  Model 
300. On an equal  wing load ing  b a s i s ,  t h e  a i r c r a f t  would have 
about  t h e  same response . )  
The l o n g i t u d i n a l  a c c e l e r a t i o n  response  of t h e  Model 300 t o  head- 
on tu rbu lence  i s  t h r e e  t i m e s  t h a t  of t h e  Beech 99 because of t h e  
p ropro to r s .  The v e r t i c a l  a c c e l e r a t i o n  response  t o  head-on t u r -  






Model 300 Propro t o r  C o l l e c t i v e  
Mode Natural Frequencies.  
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0 200 400 600 800 
ROTOR RPM 
Figure VI -2 .  Model 300 Proprotor Cyclic 




CONVER SI ON 
DOWNSTOP 
Figure  VI-3. S t r u c t u r a l  Model of Wing-Pylon S y s  tern. 
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a.  F u l l  Span Wing w i t h  Simple Fuse lage .  
-- 
b .  F u l l  Span Wing w i t h  D e t a i l e d  Fuse lage  
Center S e c t  i o n .  

































































































































































































































































































































































































Q eELL HELICOPTER COMF%NY 
1 PYLON MOUNT1 NG FLEX1 BILI TY 
FLEXIBILITY I I 
I 
F i g u r e  VI-7.  A n a l y t i c a l  Model of Model 300 Drive  Sys tem.  
MAS T I 
I TOiSlONAT., I PYLON MOUNTING 
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I I SYM ASYM 
0 PROPROTOR 
A A P n O N  - 
rn 0 POWER TIRBINE 
(REFERENCED TO ROTOR) 
POWER TURBINE TO ENGINE 
SPEED RATIO = 53.1 
FREQUENCY - CPS 
Figure V I - 8 .  Model 300 Drive System N a t u r a l  
F r  equencie s and Modes. 





TRUE AIRSPEED - KNOTS 
Figure VI-9. Airplane Mode Flapping Envelope, 
Sea Leve l .  
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( I NOTE: 'BLADE LIFT CURVE SLOPE WAS MACH CORRECTED TO 500 M O T S  
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DECAY RATE, f on - RAD/SEC 
F i g u r e  V1-11.  Model 300 Blade  F l a p p i n g  Modes, Root 
V a r i a t i o n  w i t h  A i r s p e e d .  
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1 I 453 RPM 
SEA LEVEL 
BLADE FLAPPING 
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I. 
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Figure VI-12. Model 300 Proprotor Coupled Flapping and Inplsne 
Bending Modes, Root Variation with Airspted. 
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Figure VI-13. Model 300 Canti levered Wing, Root Var ia t ion  
With Airspeed. 
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1 \ '  I -180 
DECAY RATE, 3 0 ,  - RAD/SEC 
F i g u r e  v-14. Model 300 Symmetric Modes, Root V a r i a t i o n  
t w i t h  Airspeed .  
VI- 24 
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Figure  VI-15. Model 300 Asymmetric Modes, Root Var ia t ion  
with Airspeed. 
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TRUE AIRSPEED - KNOTS 
F i g u r e  VI-16. Model 300 A i r p l a n e  Mode S t a b i l  i t y  Boundary 
Versus P r o p r o t o r  RPM, Symmetric Modes. 
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TRUE AIRSPEED - KNOTS 
Figure V I  -17. Model 300 Airplane Mode S t a b i l i t y  Boundary 
Versus RPM, Asymmetric Free-Free Modes. 
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Figure VI-18. Model 300 Airplane Mode S t a b i l i t y  Boundary 
Versus Al t i tude ,  Symmetric Modes. 
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GROSS WEIGHT = 12400 LB 
458 RPM 
200 300 400 500 600 700 
TRUE AIRSPEED - KNOTS 
Figure  VI-19. Model 300 Airplane  Mode S t a b i l i t y  Boundary 
Versus A l t i t u d e ,  Asymmetric Modes. 
TRUE AIRSPEED - KNOTS 
F i g u r e  VI-20.  Model 300 Convers ion Mode S t a b i l i t y  Boundary 
Versus A l t i t u d e ,  Symmetric Modes. 
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PYLON OFF OF DOWNSTOP 1 
GROSS WEIGHT = 12400 LB 
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Figure VI-21. Model 300 Conversion Mode S t a b i l i t y  Boundary 
Versus A l t i t u d e ,  Asymmetric Modes. 
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Figure VI-22. Model 300 Dynamic S t a b i l i t y  Margin i n  
Airplane Mode. 
458 RPM 
- SEA L E V n  
PYLON ON DOWNSTOP I 
200 300 401) 
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Figure VI-23. Effect  of Loss of Wing Torsional S t i f f n e s s  
on S t a b i l i t y  Boundary. 
AIRSPEED - KNOTS 
Figure VI-24. Cabin Vibration Level Versus 
Conversion Angle and Airspeed. 
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AIRSPEED - KNOTS 
Figure VI-25. Crew Station Vibration Level Versus 
Conversion Angle and Airspeed. 
1 ONLY VERTICAL ICCELERATION SHOWN 
AIRSPEED - MOTS 
Figure VI-26. Pylon Vibration Level Versus Conversim 
Angle and Airspeed. 
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ANALYTICAL MODEL : ONE-DIMENSIONAL GUST F I E L D  
(CAN BE VERTICAL , LATERAL , 
OR HEAD-ON) 
- AIRCRAFT TREATED AS 
A POINT 
PROCEDURE : 
(1) CALCULATE AIR-  
CRAFT FREQUENCY 
RESPONSE TO 
U N I T  GUST 
H (a) 
(2) CHOOSE TURBU- 
LENCE . 'ECTEW, 
DENSI TY 
(3 )  CALCULATE RE- 
SPONSE SPECTRAL 
DENSI TY 
p = H ( a ) c p  
I 
0 cps  
(4) INTEGRATE OVRR o TO OBTAIN 
RMS ACCELERATI013 RESPONSE 
F i g u r e  VI-27. P r o c e d u r e  for C a l c u l a t i n g  R e s p o n s e  to 
A t m o s p h e r i c  T u r b u . l e n c e .  
300-099-006 V I - 3 7  
- V ~ T I C A L  RESPONSE TO 
UNIT VERTICAL GUST - 
-- LONGITUDINAL RESPONSE 
UNIT HEAD ON GUST 
200 KNOTS 
- fiR = 600 FT/SEC 
10000 FT HD 
SINUSOIDAL GUST FIELD 
LOCATION: CG 
0 2 4 6 8 10 1 2  14 
FREQUENCY - CPS 
F i g u r e  VI-28. M o d e l  300 F r e q u e n c y  R e s p o n s e  to  
Unit Sinusoidal G u s t  F i e l d .  
SHORT PERIOD MODE WING BEAM MODE 
AT 200 KNOTS AT 200 KNOTS 
Figure VI-29,  Turbulence F i e l d  Power Spectral  
D e n s i t y  (Von Karman Type). 
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FREQUENCY - CPS 
F i g u r e  V I - 3 0 .  M o d e l  300 C e n t e r  o f  G r a v i t y  A c c e l e r a t i o n  
R e s p o n s c  S p e c t r a l  D e n s i t y .  
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Figui VI-31. Model 300 Crew Station RMS Acceleratinr, 
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2 00 
TRUE AIRSPEED - KNOTS 
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FirgureYI--3Z -Mo7telP3(T0 €enteF of Gravity R& Acceleration 
Response to  One Foot Per Second RMS Turbulence. 
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10000 FT ALTITUDE 
GW = 12400 LB 
QR = 600 FT/SEC 
TRUE AIRSPEED - KNOTS 
Figure  VI-33.  Model 300 EWS Lateral Acceleration 
Response t o  One-Foot-Per-Second 
RMS Latel-a1 Turbulence. 
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Figure  VI-34. Model 300 Proprotor  Cont r ibu t ion  t o  
Accelera t ion  Response t o  Turbulence, 
Crew S t a t i o n  RMS. 
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Figure  VI-35. Wing E l a s t i c i t y  Cont r ibu t ion  t o  Model 300 
Accelera t ion  Response t o  Turbulence. 
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F i g u r e  VI-36. Comparison of A c c e l e r a t i o n  Response o f  Model 300 
and a CTOL A i r p l a n e  (Beech 99) t o  Turbulence .  
V I I .  STABILITY AND CONTROL 
This s w t i o r ,  p r e s e n t s  t h e  s t a b i l i t y  and c o n t r o l  characteristics 
f o r  h e l i c o p t e r ,  convers ion ,  and a i r p l a n e  f l i g h t  c o n f i g u r a t i o n s .  
The Model 300 i s  equipped w i t h  a  s t a b i l i t y  and c o n t r o l  augmen- 
t a t i o n  system (SCAS) which enhances t h e  f l y i n g  q u a l i t i e s  about 
a l l  t h r e e  axes .  Only SCAS-off f l i g h t  c o n d i t i o n s  have been 
i n v e s t i g a t e d .  The a n a l y s i s  a s  presented  h e r e  was concen t ra ted  
on e v a l u a t i n g  c o n t r o l l 3 b i l i t y  f o r  each f l i g h t  c o n f i g u r a t i o n  and 
dynamic s t a b i l i t y  i n  h i r p l a n e  f l i g h t .  
Control  power and damping requi rements  of MIL-H-850lA and 
MIL-F-83300 were used t o  compare t h e  r e s u l t s  of t h e  a n a l y s i s  
i n  low speed and conversion f l i g h t .  S t a b i l i t y  and c o n t r o l  r e -  
quirements  of MIL-F-8785 were used i n  e v a l u a t i n g  a i r p l a n e  
f l i g h t .  
I n  h e l i c o p t e r  mode, r o l l  c o n t r o l  i s  provided by d i f f e r e n t i a l  
c o l l e c t i v e  p i t c h ,  p i t c h  c o n t r o l  by p ropro to r  c y c l i c  p i t c h ,  and 
yaw c o n t r o l  by d i f f e r e n t i a l  c y c l i c  p i t c h .  Flaperons , rudder ,  
and e l e v a t o r  a r e  used f o r  c o n t r o l  i n  a i r p l a n e  mode. Conversion 
mode f l i g h t  uses  a  combination of n e l i c o p t e r  and a i r p l a n e  con- 
t r o l s .  Contro l  t r a v e l s  and c o n t r o l  phasing wi th  conversion 
ang le  a r e  shown i n  F igures  111-7 through 111-12. 
S t a b i l i t y  and c o n t r o l  c h a r a c t e r i s t i c s  w e r e  determined wi th  t h e  
a i d  of d i g i t a l  computer progl.ams C81 and DYN4. Where p o s s i b l e ,  
t h e  r e s u l t s  w e r e  checked wi th  closed-form express ions  de r ived  
f o r  t i l t - p r o p r o t o r  a i r c r a f t .  Rotor  a n a l y s i s  i n  t h e  computer 
program C81 is  based on b lade  element theory  and i n c l u d e s  an 
a c c u r a t e  r ep resen ta t io r ;  of c o m p r e s s i b i l i t y  and b lade  s ta l l  
e f f e c t s .  Program C81 c o n t a i n s  t h e  s i x  convent ional  equa t ions  
d e s c r i b i n g  t h e  a i r c r a f t  and determines t h e  c o n t r o l  p o s i t i o n s ,  
angu la r  o r i e n t a t i o n  of t h e  a i r c r a f t  , power r e q u i r e d ,  and f l a p -  
p ing  a n g l e s .  D e t a i l s  of C81 can be f o n d  i n  Reference 11. 
Program DYN4 i s  a l i n e a r ,  twenty-one degree-of-freedom p r o p r o t o r  
s t a b i l i t y  a n a l y s i s  computer program used f o r  de termining t h e  
proprotor/pylon , blade  motion, and f l i g h t  mode s t a b i l i t y  cha r -  
a c t e r i s t i c s .  
Aerodynamic d a t a  which were used t o  c o n f i g u r e  t h e  mathematical  
nodel  of t h e  a i r c r a f t  were obta ined from s e v e r a l  wind-tunnel  
tes ts  of a  o n e - f i f t h - s c a l e  model, References  1 2  through 16.  
E f f e c t s  of r o t o r  downwash on t h e  wing and h o r i z o n t a l  s t a b i l i z e r  
i n  hover and low-speed f l i g h t  are a l s o  inc luded.  This  i s  rep-  
r e s e n t e d  by changing dynamic p r e s s u r e  and ang le  of a t t a c k  over  
on ly  t h o s e  p o r t i o n s  of t h e  s u r f a c e s  t h a t  a r e  i n  t h e  s l i p s t r e a m  
region of t h s  r o t o r s .  The downwash a c t i n g  on t h a t  p o r t i o n  of 
t h e  wing swept by t h e  r o t o r s  i s  assumed t o  be 0.60 of t h e  mean 
induced v e l o c i t y  a t  t h e  r o t o r  d i s c .  P ropro to r  downwash a c t i n g  
on t h e  h o r i z o n t a l  s t a b i l i z e r  i s  assumed t o  be zero  a t  speeds 
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below 40 k n o t s ,  t h e n  i n c r e a s i n g  l i n e a r l y  t o  a  v a l u e  of 0 .8  of 
t h e  mean induced v e l o c i t y  a t  80 k n o t s  and above.  
A.  HOVER AND LOW-SPEED FLIGHT 
S t a b i l i t y  and c o n t r o l  i n  h e l i c o p t e r  f l i g h t  w e r e  ana lyzed  f o r  
f l i g h t  c o n d i t i o n s  r a n g i n g  from a  rearward  f l i g h t  speed of 35 
kno t s  t o  a  forward  speed of 12C k n o t s  a t  s e a  l e v e l  on a NASA 
s t a n d a r d  day.  S t a b i l i t y  and c o n t r o l  r e q u i r e m e n t s  of  MIL-H-850lA 
and MIL-F-83300 were used i n  e v a l u a t i n g  f l i g h t  c h a r a c t e r i s t i c s  
i n  t k k i s  f l i g h t  mode. 
1. S t i ck -F ixed  S t a t i c  S t a b i l i t y  
The v a r i a t i o n  of l o n g i t u d i n a l  s t i c k  p o s i t i o n  i n  trimmed l e v e l  
f l i g h t  i s  p r e s e n t e d  a s  a f u n c t i o n  of a i r s p e e d  i n  F i g u r e s  V I I - 1  
and VII-2 f o r  a f t  and forward c e n t e r - o f - g r a v i t y  p o s i t i o n s ,  
r e s p e c t i v e l y .  The p i t c h  c o n t r o l  g r a d i e n t  w i t h  a i r s p e e d  i s  
p o s i t i v e  th roughout  t h e  speed r a n g e .  A s t a b l e  p i t c h  c o n t r o l  
g r a d i e n t  i s  d e f i n e d  a s  r e q u i r i n g  forward  s t i c k  motion f o r  an 
i n c r e a s e  i n  speed and a  rearward  motion f o r  a  d e c r e a s e  i.n speed.  
The change i n  f o r e - a n d - a f t  s t i c k  p o s i t i o n  r e q u i r e d  t o  m a i n t a i n  
t r i m  f l i g h t  between 40 end 60 kno t s  i s  caused by t h e  p r o p r o t o r  
s l i p s t r  am moving o n t o  t h e  h o r i z o n t a l  s t a b i l i z e r .  At forward  
speed ,  r o t o r  downwash on t h e  wing i s  assumed t o  be  0 .60  of  t h e  
mean induced v e l o c i t y  a t  t h e  r o t o r  d i s c .  
2 .  Con t ro l  Power and Damping 
a .  Hover 
The e s t i m a t e d  c o n t r o l  power and damping abou t  r o l l ,  yaw, and 
p i t c h  axes  are compared t o  t h e  VFR r e q u i r e m e n t s  of  MIL-H-8501A 
i n  F i g u r e  VII-3.  C o n t r o l  power about  t h e  r o l l  and p i t c h  a x i s  
meet t h e  r e q u i r e m e n t s .  Yaw c o n t r o l  i s  s l i g h t l y  below t h e  
r e q u i r e m e n t ,  b u t  can  b e  i n c r e a s e d  f o r  small c o r t r o l  d i s p l a c e -  
ments  w i t h  SCAS which h a s  a c o n t r o l  l e a d  t o  a s s i s t  t h e  p i l o t  
i n p u t  a s  w e l l  as ra te  damping. 
Damping i n  p i t c h  and yaw w i t h  SC?S-off i s  below t h e  r e q u i r e -  
ments.  Damping of  s e v e r a l  o t h e r  t y p e s  of  VTOL a i r c r a f t  w i t h  
SCAS-off i s  a l s o  shown f o r  comparison pu rposes .  Although t h e  
Model 300 does  n a t  meet t h e  r e q u i r e z e n t s ,  i t  h a s  about  t h e  same 
l e v e l  of damping a s  o t h e r  a i r ~ r a f t  t h a t  a r e  c o n s i d e r e d  satis- 
f a c t o r y .  Th i s  is  shown more c l e a r l y  i n  F i g u r e  V I I - 4  when t h e  
e f f e c t s  of i n e r t i a  are c o n s i d e r e d  i n  d e f i n i n g  damping r e q u i r e -  
ments. 
b .  Low S ~ e e d  F l i e h t  
E l e v a t o r ,  a i l e r o n s ,  and r u d d e r  augment t h e  r o t o r  c o n t r o l  power 
w i t h  i n c r e a s i n g  a i r s p e e d .  The i n c r e a s e  i n  c o n t r o l  power w i t h  
i n c r e a s i n g  a i r speed  is  shown i n  F igure  VII-5 and r o l l  performance 
is  shown i n  Figure  VII-6. The r o l l  angle  a f  t e r  one second pe r  
inch of l a t e r a l  s t i c k  i s  shown. Contro l  power remains s a t i s -  
f a c t o r y  throughout  t h e  speed range. 
The magnitude of t h e  change i n  d i f f e r e n t i a l  f o r e - a n d - a f t  c y c l i c  
p i t c h  due t o  pedal displacement  i s  designed f o r  hover f l i g h t  and 
causes  adverse  r o l l  coupl ing  i n  forward f l i g h t .  For t h i s  r eason ,  
t h e  r a t i o  of t h e  change i n  d i f f e r e n t i a l  fo rk -and-a f t  c y c l i c  
p i t c h  t o  pedal  d i s p l a c m e n t  i s  decreased by a  dynamic p r e s s u r e  
s e n s i t i - r e  dev ice  from L.60-degree per  inch a t  hover  t o  0.40- 
degree  per  inch  a t  L O O  k n o t s ,  a s  shown i n  Figu-e 111-11. 
i I. B . C9NVERSI ON FLIGHT 
i 
Conversion from h e l i c o p t e r  t o  a i r p l a n e  f l i g h t  i s  achieved by 
t i l t i n g  t h e  pylon forward a t  any mast ang le  between 75 and 0 
degrees  w i t h i n  t h e  wide range of a i r speed  i n d i c a t e d  i n  Figure  
VII-7. The lower l i m i t  i s  determined by wing s t a l l  and t h e  
upper l i m L t  i s  set by maximum cont inuous  power. For con- 
t inuous  f l i g i ~ t .  a i r s p e e d  must n o t  exceed t h e  b lade  endurance 
1 i m i t  . S h a f t  horsepower requ i r e d  dur ing  convers ions  i s  
shown i n  Figure  V-9. 
Power i n  convers ion  i s  managed by t h e  t h r o t t l e  c o n t r o l  and a  
p r o p r o t o r  c o l l e c t i v e  governor.  Any t h r o t t l e  change causes  t h e  
governor t o  change t h e  p ropro to r  c o l l e c t i v e  p i t c h  therzby main- 
t a i n i n g  a  c o n s t a n t  r o t o r  spezd of 95 pe rcen t  hover rpm. 
Conversion f l i g h t  was analyzed f o r  f u s e l a g e  p i t c h  a t t i t u d e  
between -2.5 degrees  and +5 degrees  a s  shown i n  F igure  VII-7. 
The range  of f u s e l a g e  p i t c h  a t t i t u d e  was assumed t o  r e f l e c t  t h e  
p i l o t ' s  l i k e l y  p re fe rence  f o r  t r i m  f l i g h t .  Conversion w i t h i n  
t h i s  range  w i l l  r e s u l t  i n  f l i g h t  between 1 . 2  V s t a l l  and f l a p  
ex tens ion  speed of 170 kno t s  when f u l l y  conver ted .  
F l i g h t  c o n d i t i o n s  ranging from an a i r s p e e d  of PO t o  170 knots  
wi th  mast ang les  ranging from 75 t o  0  degrees  a t  s e a  l e v e l  on a  
NASA s tandard  day w e r e  eva lua ted .  R e s u l t s  a r e  checked a g a i n s t  
t h e  r e q ~ i r e m e n t s  of MIL-F-83300 which s t a t e s  t h a t  when o p e r a t i r y  
about f i x e d  p o i n t s  (such as t r i m )  t h e  same requi rements  a s  t h e  
forward f l i g h t  c ~ n f  igur,- :ions s h a l l  apply.  
1. St ick-Fixed - S t a t i c  S t a b i l i t y  
The v a r i a t i o n  of s t i c k  p o s i t i o n  a t  va r ious  mast a n g l e s  and hir- 
speeds f o r  mozt a f t  and most forward c e n t e r - o f - g r a v i t y  load ings  
i s  shown i n  F igures  V I I - 1  and VII-2. Contro l  g r a d i e n t  is  s t a b l e  
f o r  each conversion angle .  The control.  2 o s i t i o n  v a r i a t i o n  4s 
gradual  and r e q u i r e s  a maximurn of 3 .8  inches  of fo re -and-a f t  
s t i c k  movement. However, i n  a cont inuous  convers ion ,  where a i r -  
c r a f t  p i t c h  a t t i t u d e  i s  he ld  nearbly c o n s t a n t ,  t h e  s t i c k  d i s p l a c e -  
ment i s  even smal le r .  
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2 Control  Phasing and Contro l  Power 
The h e l i c o p t e r - t y p e  r o t o r  c o n t r o l s  a r e  phased o u t  a s  a  s'ne 
f u n c t i c n  of pylon t i l t  ang le .  Con t ro l s  phasing i s  Jes igned t o  
ininimizc coupl ing  of one set of c o n t r o l s  about t h e  o t h e r  axes.  
Thus, i n  t h e  pylon m i d - t i l t  r ange ,  t h e  c o n t r o l  movements a r e  
ob ta ined  by a  c o m b i n a t i ~ n  of r o t o r  and a i r p l a n e  type  c o n t r o l s .  
Only a  small  amount of r o t o r  c c n t r o l s  a r e  r e t a i n e d  i n  f u l l y -  
converted f l i g h t  f o r  trimming. A s  shown i n  Figure  VII-5 ,  t h e  
c o n t r o l  power about  r o l l  and p i t c h  axes  meet t h e  MIL-F-~3300 
requi rements  f o r  Level 1 and Level  2 f o r  yaw. 
C.  AIRPLANE FLIGHT 
I n  a i r p l a n e - f l i g h t  conf i g a r s t i o n ,  t h e  f l a p ?  a r e  up and t h e  mast 
i s  a t  0  degrees .  F l i g h t  i n  t h i s  c o n f i g u r a t i o n  rangss  from 135 
KEAS (1 . . t  V;tal l )  t o  maximum c r u i s e  syced,  s e a  ' level t o  20,000 
f e e t .  P i l o t  c o n t r o l s  i n  t n i s  c o n f i g u r a t i o n  a r e  s i m i l a r  t o  those  
of convent ional  twin-engine propei ler-dr 'ven a i r c r a f t  . L e v ~ l  
f l i g h t  c h a r a c t e r i s t i c s  were i n v e s t i g a t e d  and checked a g a i n s t  
t h e  requiremer,ts f o r  C l a s s  I1 Vehic les ,  Category B f l i g h t  phase 
of MIL-F-8765. 
1. St ick-Fixed S t a t i c  S t a b i l i t y  
The v a r i a t i o n  of l o n g i t u d i n a l  s t i c k  p o s i t i o n  i n  t r i m m e d  l e v e l  
f l i g h t  i s  a l s o  s t a b l e  a s  shown i n  F igures  VII-1 and VIT-2 a t  
a f t  and forward c e n t e r  of g r a v i t y  p o s i t i o n s .  Trim changes 
dur ing  f l a p  changes r e q u i r e  2.4 inches  of f o r e - a n d - a f t  s t l c k  
movement t o  ma in ta i r  Levei f l i g h t .  This  t r l m  change i s  due t o  
a  change i n  p i t ~ h  a t t i t u d e  with f l a p s .  The a t t a inment  of any 
speed throughout t h e  f l i g h t  envelope i s  n o t  l i m i t e d  by Longi- 
t u d i n a l  c o n t r o l  e f f e c t i v e n e s s  a s  shown i n  Figures  V I I - L  and 
VII-2. 
2 .  Contro l  Power 
Contro l  s e n s i t i v i t y  a s  ~hown i n  F igure  VII-5 c o n t i n u a l l y  
i n c r e a s e s  wi- t h  i n c r e a s i n g  a i r s p e e d .  R o l l  performance i n  a i r -  
p lane  f l i g h t  i s  shown i n  Figure  VII-6. The requi rements  s t a t e  
tF. ;t a  45-degree of bank ang le  change be obta ined i n  1 . 9  seconds. 
A s  shown, t h l s  can be obta ined b ~ i t h  on ly  70 pe rce3 t  l a t e - a 1  
s t i c k  dur ing  low  peed a i r p l m e  f l i g h t .  
Gynamic S t a b i l i t y  
a .  Shor t  Period C h a r a c t e r i s t i c s  
The e f f e c t  of a i r s p e e d  and a l t i t u d e  on s h o r t  pe r iod  n d t u r a l  
frequc,rcy and damping r a t i o  i s  shm. .~  i n  F igure  VII-8. Figure  
VII-9 snows t h a t  t h e  s h o r t  per iod  frequency c h a r a c t e r i s t i c s  a r e  
wi th in  t h e  Level i requirement6 of MIL-F-8785. 
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b. Dutch R o l l  C h a r a c t e r i s t i c s  -
The Dutch r o l l  f requency and danping r a t i o  i s  shown i n  Figure  
VII-I0 a t  varying a i r s p e e d s  and a l t i t u d e s  and compared w i t h  
MI1 F-8785. The a i r c r a f t  i s  s t a b l e  throughout  t h e  f l i g h t  r ange  
and meets Level  1 requirements .  The r e d u c t i o n  i n  damping wi th  
a i r speed  and a l t i t u d e  i s  due t o  a  d e c r e a s e  i n  t h e  t h r u s t  damping 



































































































































0 MODEL 300 1 
Figure VII-3. Model 300 Xover C o n t r ~ l  Power and 
Damping, SCAS Off. 
300-099-006 
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0 1.0 2 .O 3.0 4 .O 5 .O 
DAMPING - 1/SEC 
Figure VII-4.  Model 300 Damping Comparison wi th  Other Aircraf t  
and MIL-H-8501A, VFR Requirements. 
300-099-056 VII-9 























































































































































































































PARA. 3 . 2 . 3 . 2  n 
PARA. 3 . 3 . 9  
, PARA. 3 . 3 . 4  
(H) HELICOPTER 
(C ) CONVERSION 
(A) AIRPLANE 
FIAP DOWN 1 I 
8 0  
60 
F i g u r e  V I I - 6 .  Model 3 0 0  Rol l  P e r f  orrnance Versus  
A i r s p e e d ,  SCAS O f f .  
FIAPS UP 
v / / / m 7 T  
// 
40 45' IN 1.9 SEC I 1 
A / / / /  / / / A / / /  FULL DEFLECTION 
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CATEGORY B I 
MIL-F- 8785 
DAMPING RATIO - 6  




Figure VII-9. Model 300 L o n g i t ~ d i n a l  Short Period 
- 
Frequency charac ter i s t i c s ,  Airplane 
Mode. 
DAWING RATIO - 5 
Figure VII-LO. Model 300 Dutch Roll Characteristics 
.: :r plane Mode .. 
Q BELL HEL.ICOPTER COWPANV 
V I I 1 .  NOISE 
The n o i s e  of t h e  r e s e a r c h  v e h i c l e  and i t s  impact on a  popula ted  
a r e a ' s  a c o u s t i c a l  environment  were a s s e s ~ c d .  P r o p r o t o r  n o i s e  
l e v e l s ,  f r equency  s p e c t r a ,  and sound d i r e c  t i o n a l i t y  were 
p r e d i c t e d  a s  f u n c t i o n s  of  mode of o p e r a t i o n ,  d i - s t a ~ c e  between 
v e h i c l e  and a  l i s t e n e r ,  and v iewing  a n g l e  t o  t h e  p r o p r o t o r s .  
A c o r r e l a t i o n  s t u d y  w a s  performed u s i n g  e x p e r i m e n t a l  p r o p r o t o r  
n o i s e  d a t a  measured Guring wind- tunne l  t e s t i n g  t o  v e r i f y  t h e  
a n a l y s i s  method. G:.ound n o i s e - f  o o t p r i n t  s and n o i s e - e x p o s u r e  
t i m e  h i s t o r i e s  were then  e s t i m a t e d  by t a k i n g  i n t o  accoun t  t h e  
v e h i c l e ' s  t a k e o f f  and approach  o p e r a t i o n a l  p r o f i l e s .  F i n a l l ; ,  
t h e  r e s e a r c h  v e h i c l e ' s  n o i s e  was compared w i t h  t h a t  of  p r e s e n t -  
day modes of t r a n s p o r t a t i o n .  
A.  WIND- TUNNEL EXPCRIMEN TAL DATA 
The n o i s e  levels of  t h e  Model 300 p r o p r c t o r  w e r e  measured d u r i n g  
t h e  Arnes 40- by 80 - foo t  wind- tunne l  powered t e s t i n g  (NASA Con- 
t r a c t  NAS2-5386). A microphone was l o c a t e d  68 f e e t  upstream of 
t h e  model and 5  f e e t  above the f l o o r  on t h e  c e n t e r l i n e  01' t h e  
t u n n e l .  This  l o c a t i o n  i s  t h e  same a s  t h a t  used t o  measure t h e  
n o i s e  o f  h e l i c o p t e r  r o t o r s  (References  1 7  and 1 8 ) .  P r o p r o t o r  
n o i s e  d a t a  were r eco rded  f o r  mast t i l t - a n g l e s  Erom 0 t o  75 
d e g r e e s ,  f o r  s e v e r a l  t i p  s ?eeds ,  and a t  v a r i o u s  t h r u s t  and power 
s e t t i n g s .  F i g u r e  V I I I - 1  shows t h e  comparison between p r o p r o t o r  
and h e l i c o p t e r  r o t o r  n o i s e .  Fo r  t u n n e l  v e l o c i t i e s  above abou t  
80 k n o t s ,  t h z  n o i s e  of  t h e  p r o p r o t o r  i n  t a k e o f f  mode i s  lower  
than t h a t  of a  s q u a r e - t i p  r o t o r .  A l so ,  t h e  rbte of  i n c r e a s e  i n  
p r o p r o t o r  noSse,  a s  t u n n e l  v e l o c i t y  i n c r e a s e s ,  i s  somewhat l e s s  
than  f o r  r o t o r s .  Q u a l i t a t i v e l y ,  t h e  p r o p r o t o r  sounds much l i k e  
a  p r o p e l l e r  and d o e s  n o t  e m i t  t h e  e a s i l y  d i s t i n g u i s h e d  b l a d e  
s l a p  which i s  c h a r a c t e r i s t i c  of h e l i c o p t e r s  a t  h i g h  s p c -  " e : .  
I n  c r u i s e  mode, t h e  n o i s e  of t h e  p r o p r o t o r  d e c r e a s e s  . . , - 
c a n t l y ,  as p r e d i c t e d .  The r e d u c t i o n  wac s o  g r e ~ t  h a  : .. prol?- 
r o t o r  n o i s e  was masked by t u n n e l  n o i s c .  These d a c a  st).  . i1:at 
t h e  p r o p r o t o r t s  n o i s e  i n  c r u i s e  mode, a t  t i l t  a n g l e s  betwwr. 
and 30 d e g r e e s ,  i s  a t  l e a s t  7  t o  1 0  d b  lower  thhn t h a t  Ic 
t a k e o f f  mode. P r e d i c , t i o n s  show a  r s d u c t i o n  on t h e  o r d e r  . 
20 db.  
B. CCMPARI SON BE WEEN THEORY AND EXPERIMENTAL DATA 
P r o p e l l e r  and r o t o r  n o i s e  t h e o r i e s  (Re fe rences  1 9  th rough  21) a r e  
used t o  est imte t h e  e x t e r n a l  n o i s e  of t h e  v e h i c l e ' s  p r o p r o t o r s .  
The p r e d i c t i o n  method i n c l u d e s  estimates of  t h e  r o t a t i o n a l  n o i s e  
harmonics  and t h e i r  sound d i r e c t i o n a l i t y ,  and o f  t h e  peak l e v e l ,  
c e n t e r  f  requcncy ,  s p e c t r a l  d i s t r i b u t i o n ,  and d i r e c t i v i t y  o f  t h e  
broadband component. 
P r e d i c t e d  n o i s e  l e v e l s  are compared i~ F i g u r e s  n I I - 2  and - 3  




r e s p e c t i v e l y .  For t h e  hover  c o n d i t i o n ,  theo-y a c c u r a t e l y  p r e d i c t s  
t h e  n o i s e  l e v e l  of t h e  f i r s t  f o u r  harmonics af r o t a t i o n a l  noi.se 
but  u  lde res t ima tes ,  by about 6 PNdb, t h e  h i g h e r  harmonics and t h e  
broadband n o i s e  component. A s  expected ,  theory  oecornes i n c r e a s -  
i n g l y  i n a c c u r a t e  a s  t h e  a i r s p e e d  i n c r e a s e s ,  underes t ima t ing  t h e  
n o i s e  l e v e l  a t  80 knots  by approximately 9 PNdb. 
Several  q u a l i f y i n g  f a c t o r s  must be cons idered  b e f o r e  wind- tunnel  
a c o u s t i c  d a t a  can be used t o  c o r r e c t  t h e  t h e o r y ' s  d e f i c i e n c i e s .  
h e  tunne l  enc losure  a m p l i f i e s  t h e  n o i s e  and h a s  r esonan t  charac-  
t e r i s t i c s  p e c u l i a r  t o  i t s  s i ~ r  , I - r l  c o n s t r u c t i o n .  Ampl i f ica t ion  
c o r r e c t i o n  f a c t o r s  f o r  t h e  A m e s  4c by 80-foot  wind tunnel  a r e  
a v a i l a b l e  (Reference 2 2 ) .  However, th:ir a p p l i c a t i o n  i s  l i m i t e d  
i n  t h i s  i n s t a n c e  because 3f t h e  following reasons :  
- The sound source  used t o  c a l i b r a t e  t h e  tunne l  i s  a r t i -  
f i c a l l y  genera ted  and i s  a  co r t inuous  wideband s i g n a l .  
The a c t u a l  n o i s e  produced bv a r c p r o t o r s  cons is ts  of 
d i s c r e t e  frequency narmol~ice and r e p e t  i t  ivc  broadband 
p u l s e s .  
- The c o r r e c t i o n  f a c t o r s  a r e  only f o r  t h e  ze ro  wind coq- 
d i t i o n .  Sound-wave propagat ion  and tunnel - resonant  
c h a r a c t e r i s t i c s  w i l l  be d i f f e r e n t  d u r i n g  normal tunnel  
o p e r a t i o n .  While tunne l  n o i s e  meLsurements ~ r o v i d e  use- 
f u l  t r e n d s  and parameter  e f f e c t s ,  comparisons of t h e o r e t -  
i c a l  and ~ , . p e r i m e n t a l  a b s o l u t e  l e v e l s  must awai t  mere 
e x t e n s i v e  tunne l  c a l i b r a t i o n s .  
C. PREDICTED NOISE CHARACTERISTICS 
The M9del 300 n o i s e  c h a r a c t e r i s t i c s  f o r  v a r i o u s  modes of opera- 
t i o n  a r e  presented  i n  Figure  VIII-4. P red ic ted  n o i s e  l e v e l s  f o r  
t h e  t akeof f  and c r s l s e  modes a r e  shown f o r  obse rve r  d i s t a n c e s  of 
500 and LOO0 f e e t ,  r e s p e c t i v e l y .  The es t ima ted  range  of n o i s e  
l e v e l s  produced d u r i n g  conversion i s  a l s o  shown; t h e  range being 
based on t h e  a i r c r a f t ' s  r e p r e s e n t a t i v e  c o n v e r s i o ~  c o r r i d o r ,  i . e . ,  
pylon convers ion  ang le  and a i r s p e e d  combinat ions.  I t  can be seen 
t h a t  t h e  Model 300 can be flown i n  a l l  modes of opera t ion  such 
t h a t  i t s  n o i s e  l e v e l  does n o t  exceed 95 PNdb ( n e a r e s t  d i s t a n c e  i s  
taken a t  500 f e e t ) .  A d d i t i o n a l l y ,  t h e  p i l o t  can a s s u r e  minimum 
n o i s e  genera t ion  by e n t e r i n g  t h e  conversion c o r r i d o r  a t  t h e  
lowest  p r a c t i c a l  a i r s p e e d ,  e s p e c i a l l y  when o p e r a t i n g  over  o r  nea r  
n o i s e - s e n s i 4 i v e  a r e a s .  
. Z O U N D  NOISE EXPOSURE 
Noise con tours  wzrs co lcu la  t ed  a s  f u n c t i o n s  of t h e  o p e r a t i o n a l  
f l i g h t - p a t h  p r o f i l e s ,  t h e  viewing ang le  of t h e  obse rve r  t o  t h e  
r o t o r ,  t h e  d i s t a n c e  t o  t h e  a i r c r a f t  and Boppit e f f e c 2 s .  Sound- 
t ransmiss ion  l o s s e s  caused by spherica.1 spreading (-6 db per  
doubling of d i s t a n c e )  and atmospheric  a b s o r p t i o n    refer^ :e 23) 
\: - -._ t aken  i n t o  accoun t .  The operat ion; , .  f l i g h t  p a t h s  f o r  t akn-  
CL and l a n d i n g  o p e r a t i o n s  a r e  p r e s e n t e d  i n  F igu re  VIIT-5. The 
g l i d e  s l o p e ,  a  !rsy!?ed, c l imb /descen t  a n g l e ,  and t h e  a 1  t i y u d c  a t  
v a r i  ous  r a n g e s  from l i f  t o£  f/touchdown are shown. 
Noise  exposure  f o o t p r i n t s ,  based on t h e  t a k e o f f  and approach 
p r o f i l e  of F i g u r e  V I I I - 5 ,  a r e  shown I n  F i g u r e  V I I I - 6 .  S t c e p  
g r a d i e n t  p r o f i l e s ,  p a r t i c u l a r l y  +he n o i s e  aba tement  combina t ions  
of a i r s p e e d  and r a t e  of d e s c e n t  which avoid  noi-sy b lade  .wake 
i n t e r a c t i o n s ,  r e s u l t  i n  a  sma l l  n o i s e  f o o t p r i n t .  The l e v e l  f o r  
a  50-.foot hover  i s  e s t i m a t e d  t o  b e  no more t h a q  90 PNdb a t  500 
f e e t .  The 90 PNdb c o n t o u r  t a k e o f f  e x t e n d s  o n l y  2900 f e e t  from 
t h e  c e n t e r  of t h e  l a n d i n g  pad. A 95 PNdb c o n t o u r ,  a l t h o u g h  n o t  
shown, e x t e n d s  o n l y  aboui 1500 fee t  downrange of l i f t o f f .  
Noise  time h i s t o r i e ~  f o r  v a r i o u s  modes of o p e r a t i o n  a r e  p l o t t e d  
i n  F i g u r e  '.? 11-7.  ' 1 ~ 2  exposu re  t i m e  expe r i enced  h 7  an o b s e r v e r  
l o c a t e d  one n a u t i c a l  r n i l r  fr9m t h e  l iE tof f / touchdown s p o t  i s  
shown f o r  t v p i c a l  t akeo f  f / d e p a r t u r e  and approach / l aad ing  opera-  
t i o n s .  Also  shown i s  t h e  observer's n o i s e  exposure  f o r  a 200- 
knot  c r u i s e - n o d e  f l y o v e r .  Takeoff / d e p a r t u r e  , , pe ra t ions  produce 
t h e  maximum n o i s e  exposu re  ; however ,  t h e  peak 1 eve1 a t  t h e  
o b s e r v e r  :s o n l y  82 Pi'db. Approach/ ' lanaing o p e r a t i o n s  r e s u l t  i n  
even less n o i s e  exposu re ,  p rovided  t h e  p i l o t  f o l ~ o w s  n o i s e -  
abatement  p rocedures  d u r i n g  t h e  d e s c e n t  s t s g e .  These procedures  
a r e  embodied i n  t h e  approach p r o f i l e  of F igur - :  VI I I -5  and c o n s i s t  
of s a f e  combina t ions  of a i r s p e e d  and d e s c e n t  g l i d e  p a t h  a n g l e .  
Cruise-mode opera '  ' 7s produce t h e  minimum ground noi.se exposure .  
E. =@PARISON WITH OTHER MODES OF TRANSPORTATION 
The n o i s e  of t h e  Model 300 i s  compared i n  F i g u r e  VII I -8  w i t h  
measurr a lewLs of p re sen t -day  he1  i c o p t e r s  and common s u r f a c e -  
t r a n s p o r 2 a t i o n  v e h i c l e s .  The n o i s e  o f  t h e  Yodel 300 i n  t a k e o f f  
mbde w i l l  be s l i g h t l y  less t h a n  t h a t  of medium h e l i c o p t e r s  
o p e r a t i n g  today  a t  a i r s p e e d &   elo ow abou t  80 k ~ o t s  and w i l l  be 
no  g r e a t a ,  a t  t y p i c a l  d i s t a n c e s  t o  e a c h ,  than  t h a t  g e n e r a t e d  
by heavy commercial z ~ r f a c e  v e h i c l e s .  I n  c r u i s e  mode, t h e  f l y -  
ove r  n o i s e  of t h e  Model 300 w i l l  be  lower  t h a n  t h o s e  prodcced 
by t h e  small o s t  h e l i c o p t e r s ,  and a t  t y p i c a l  f  l y o v e r  a l t i t u h s ,  
w i l l  be  comparable  t o  w h i e n t s  measured i n  a r e a s  w i t h  pas senge r  
c a r  t r a f f i c .  The Modei 300 w i l l  n o t  be loud  enough t o  be  heard 
i n  b u s i e r  areas and w i l l  be s o c i a l l y  a c c e p t a b l e  when o p e r a t i n g  
i n  and o v e r  popula ted  a r e a s .  
M 1 M C ' ~ ~  rL 300 PROPROTOR, T = 4000-5000 L B  
P- -42 SQUARE TIP 48-FT D I A  ROTOR, tiC - 80-85 DEG, 
T = 8000-9000 L B  
- - -ATHIN-TIP 48-F'T D I A  ROTOR, f lC = 70-85 DEG,  
T = 4250-5900 LB 
TUNNEL VELOCITY-KNOTS 
Figure  V I I I - I - .  Comparison of Model 31'3 P ropro to r  and Cor~ven- 
t i o n a l  Rotor  Noise L e v L i s  Measured i n  Arne3 
40- by 80-Foot Wind Tunnel. 
e E u  
HELICOPTER c o m p v r ~ v  
100 1000 10000 
FREQUENCY - CPS 
F i g u r e  V I l I - 2 .  Comparison of C a l c u l a t e d  and Measured 
P r o p r o t o r  Noise  Hover. 
BELL 
HELICOPTER C W R 4 N V  
FREQUENCY - CPS 
Figure VIII-3.  Comparison of Calculated and Measured 
Proprotor Noise 80 Knots. 
3CO-099-006 VIII-6 
BELL 
HELICOPTER C O M P A N Y  
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